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FOREWORD 

This volume is another milestone on the highway of progress in 
Medicine. It maite'another advance in the march toward prevention 
and control of disease. 

The necessity for the use of tests of function, in attaining accuracy 
and completeness in the diagnosis of many diseases, and in determining 
the degree or the extent of physiological disorder, is obvious. The reli- 
ability of many of the available tests of function has been firmly and 
convincingly established. The futility of some of the proposed methods 
for this purpose has likewise been clearly indicated. Separation of the 
wheat from the chaff is in progress in this field as in every other in 
Medicine. The promise of development in the scope and proficiency of 
the methodology of function-testing appears to be limited only by the 
amount and character of the clinical observation and laboratory research 
this general means of study and diagnosis will attract and receive. 

An obstacle in the way of rapidity of extension in the use and eval- 
uation of many of the reliable functional tests, and of the development 
and improvement of such methods, is the wide dispersion of their de- 
scriptions throughout the great mass of original medical literature, with 
the consequent mechanical difficulty imposed on many laboratory work- 
ers and practitioners of thus studying and understanding these methods. 
This book, one of the first of its kind, represents an earnest and success- 
ful attempt to assemble, and render easily accessible, full and accurate 
descriptions of all the published procedures of actual or presumed value 
in functional diagnosis, and to present these descriptions in a classified 
arrangement, with indications of the relative values of the tests in each 
group, that will render selection and use of methods convenient and 
satisfactory under all conditions involving their application. 

Many of the most valuable functional tests now in current use, and 
in increasing employment, are biochemical in character and also bio- 
chemical in functional import. It is, accordingly, a very great pleasure 
for me to commend this excellent volume to the attention of medical men 
generally, for its author. Dr. Max Kahn, and one of his two collabora- 
tors. Dr. Jacob Rosenbloom, are not only successful practitioners of 
medicine, with extended clinical and laboratory experience in the use 
of function tests, but for several years were ardent and able investiga- 
tors and officers of instruction in the Biochemical Laboratory at the 
College of Physicians and Surgeons, each receiving the Columbia degree 
of Ph.D. in Biochemistry in recognition of his original work in this field, 
and both carrying with them into their life-work the esteem, affection, 
and abiding good ^?^ishes of the writer. 

My fellow students of some years ago have registered, in this notable 
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viii FOREWORD 

volume, the scientific ability, fidelity, and earnestness that characterized 
their efforts in the laboratory of the College of Physicians and Surgeons 
during their terms as students and teachers; and I am confident this 
work will be accorded a degree of professional acceptance, because of 
its worth and usefulness, that will give them the very deep gratification 
which is the highest possible reward for fruitful public service. 

Wn^LIAM J. OlES 

New York City 
January, 1920. 
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INTRODUCTION 

The attempts at the investigation of the functional capacity of vari- 
ous organs have yielded profitable results, and the literature of the past 
several decades is replete with suggestions for such examinations. The 
question whether there is such a phenomenon as a functional disease of 
an organ without some underlying structural pathology is a mooted 
one, and the preponderance of opinion seems to be that there can be no 
derangement in the functional activity without some inflammatory, neo- 
plastic or other process as a causative factor. Nevertheless, the poor 
functioning of a certain tissue may be due to some pathology in a neigh- 
boring organ, rather than in the tissue itself; thus, for example, gastric 
derangement is recognized as a common manifestation in appendicitis, 
gall-bladder disease, and structural diseases of the colon. As Stockton 
says, **An unprejudiced view would seem to grant that a disordered 
nervous system may at times give rise to cardiospasm or pylorospasm, 
but the warning should be kept in mind that we should seek the cause 
in some marked irritation at or near the abnormal contraction." 

The purpose of function testing is of double significance. If we 
assume that a derangement of activity of a certain gland is the result of 
some structural changes in that gland, the finding of such lessened func- 
tion will give us a clue to the diagnosis. For instance, if we were to 
find that the functional activity of the pancreas is below par, we may 
assume (from the above hypothesis) that there is some pathological 
change in this gland. So also with the stomach, intestines, etc. On 
the other hand, granted that there is a diseased state in a special gland, 
for example, the liver or kidneys, what is the functional capacity of the 
organ? A patient who has chronic hepatitis or chronic nephritis, may 
still have enough functional compensation to carry him through many 
years of life. From the prognostic and therapeutic viewpoints, there- 
fore, it is essential to know just exactly how much we can expect a 
certain organ to perform. It should be distinctly understood, however, 
that a function test does not make a diagnosis for the clinician as to 
the type of underlying pathology in the involved tissue. Thus, one 
cannot expect the biochemist to give a verdict of cancer of the stomach 
after having performed the Rehfuss fractional analysis of the gastric 
contents. The biochemist can state that at the time of the analysis the 
stomach of the patient showed an absence of free acid, etc., which may 
be due to carcinoma or to several other causes. The result of the test is 
simply an additional symptom for the clinician to take into considera- 
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2 FUNCTIONAL DIAGNOSIS 

tion. The best results can be obtained when the physician and the 
laboratory scientist work in collaboration^ i. e., discuss the history of 
the case and the other symptoms present. It is remarkable how much 
information a test-tube examination can give us, but to expect it to give 
us all the information about an individual case is a rather premature 
hope with the present state of knowledge. It is a precarious undertaking 
to make a pathological diagnosis with one function test/ in many in- 
stances. 

It is the purpose in these chapters to place before the profession a 
review (which we have endeavored to make as complete as possible) of 
the tests that have been suggested for examining the functional activity 
of the various organs that have been studied. The work is complete in 
itself, in that all the chemical and biochemical methods used in the con- 
duction of these tests have been described in detail. Many of the tests 
described have fallen into disrepute, and we have discussed them for 
tigation. 

We wish to thank Prof. P. B. Hawk for his kind permission to 
quote from his excellent textbook several of the directions for the 
the sake of completeness. Much remains to be done in this field of inves- 
analysis of the blood and urine. 



CHAPTER I 

GASTROJNTESTINAL FUNCTION TESTS 

• 

Determination of peptie activity, p. 4 — ^Determination of tr3rptie ac- 
tivity, p. 5— Detection of rennin, p. 6 — Detection of organic acid, p. 
6— Detection of lactic acid, p. ^—Detection of butyric acid, p. 6-- 
Detection of acetic acid, p. 7 — ^Topfer's method of gastric analysis, 
p. 7— Glutzinski's metiiod for gastric acidity, p. 9 — Volume of gas- 
tric secretion, p. 10 — Rehf uss method of fractional analysis, p. 12 — 
The gastric residuum, p. 21 — Simultaneous fractional analyses of 
gastric and duodenal contents, p. 26— Gastro-albumorrhea test, p. 25 
— Gastric emptying power, p. 31 — ^Motility of intestine, p. 34— In- 
testinal putrefaction, p. 42. 

We shall first discuss the tests that determine the secretive functions 
of the stomach. It has been the custcMu to administer to the patient a 
certain test-diet and after allowing it to be digested in the stcnnach for 
some time, to remove the gastric contents and analyze it for the various 
constituents. We shall enumerate several of the test-diets suggested: 

Txst-Mbals 

Test-Breakfast of Ewald and Boas. 

Diet: 35 grams wheat bread. 400 c.c. water or weak tea, without 
sugar. 

Method: Give as breakfast on empty stomach. (In cases of dilata^ 
tion do previous lavage.) 

Remove one hour later, at time of maximum acidity. 

Principle: Bland stimuluit of gastric juice. 

Test-Breakfast of Boas. 

Diet : Oatmeal soup — 500 c.c. (made of one-half ounce rolled oats in 

water). 

Remove one hour later. 

Principle: Does not introduce lactic acid which is present in all 
kinds of bread. Employed in cases of cancer of stomach where certain 
and quantitative tests for lactic acid are desired. The stomach is washed 
the night before. 

Test-Breakfast of Dock. 

Patient receives one shredded wheat biscuit and a glass of water. 
This breakfast contains no lactic acid, and in this has the advantage over 
Ewald 's test-diet. 

d 



4 FUNCTIONAL DIAGNOSIS 

Oatmeal Tesi-Breakfast of Boas. 

One tablespoonful of oatmeal is boiled in 800 e.c. water until the 
volume is reduced to 400 c.c. and is then given to the patient. This is 
free of lactic acid. 

Dry Test-Breakfast of Boas. 

Five Albert cakes are given to the patient to be masticated thor- 
oughly, and swallowed without fluid of any sort. 

Test'Dmrier of Biegd. 

Diet: Plate of soup 400 c.c. Beefsteak 150-200 grams. Mashed 
potatoes 150 grams. 

Remove after four hours (time of maximum acidity). 

Disadvantages: (1) Positive lactic acid reaction obtained from the 
sarcolactic acid, irrespective of HCl present. (2) Stomach tube may 
be occluded by undigested meat. 

Test-Meal of Fischer. 

This consists of an Ewald or Dock breakfast together with a quarter 
of a pound of finely chopped lean beef, broiled and slightly seasoned. 
It is removed after three hours (if the gastric secretory power is being 
examined), or after seven hours (if the gastric motility is investigated). 

Test-Supper of Boas. 

This consists of 100 grams white bread with a little butter, and cold 
meat, together with two cups of tea with sugar. Some distinguishing 
ingredient like raisins or spinach or currants is added. This meal is 
taken at bedtime, and the gastric contents removed- in the morning 
before breakfast. 

Determination of Peptic Activity. — ^Method op Mett as Modified by 
NiRENSTEiN AND ScHiPP. — Principle. — ^Nirenstein and Schiff recommend 
that the gastric juice be diluted so as to overcome the effect of the in- 
hibiting substances. Capillary glass tubes are filled with egg-white and 
are allowed to lie in the diluted gastric juice in the incubator for a defi- 
nite length of time. Depending upon the amount of pepsin present, 
the protein is digested at both ends of the tube. For clinical purposes 
this method is entirely satisfactory. 

Method of Preparing Mett's Tubes. — Christiansen gives the following 
technic : The whites of several eggs are strained through gauze or cheese- 
cloth, so that a homogeneous, clear, air-bubble free mixture is obtained. 
This is sucked up in cleaned and dried glass tubes of about 10 inches 
long and i/^ mm. internal diameter. These tubes are then introduced into 
a large vessel of water which has been previously boiled and cooled to 
about 85° C. The tubes are allowed to lie in the 85° C. warm water until 
the water is cooled. In order to obtain tubes of uniform digestibility, 
when a subsequent batch is prepared, the tubes are heated at varying 
degrees, i.e., certain tubes are coagulated at 90° C, others at 89°, 88°, 
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etc., down to 80° C, and their digestibility is contrasted with the stand- 
ard tube initially prepared at 85° C. The tubes are sealed with wax or 
paraffin, and may be kept indefinitely until used. They should be cut 
in lengths of about three-quarters of an inch when used. 

Procedure, — ^Two tubes prepared as above are placed in an Erlen- 
meyer flask of about 25 c.c. capacity, in which has been placed 1 c.c. of 
gastric juice (filtered) and 15 c.c. N/20 HCl (=0.18 per cent. HCl). 
The flask is stoppered and allowed to stand in the incubator for 24 hours 
at 37° C. The amount of digestion is determined by means Of a low 
power microscope and a millimeter scale. Normal human gastric juice 
digests from 2 to 4 mm. of protein on both ends. In cases of gastric 
malignancy, gastroptosis, pernicious anemia, achylia, etc., the digestion 
may be nil. In conditions of gastric ulceration, hjrperacidity and reflex 
stomach irritation due to duodenal ulcer, cholelithiasis, etc., the digestion 
may be markedly increased. 

Calculation, — The peptic digestion is expressed as the square of the 
number of millimeters digested (Schutz-Borissow). A gastric juice di- 
gesting three millimeters has an amount of pepsin equal to 9 times that 
of a gastric juice digesting only 1 millimeter of protein.* 

Determination of Tryptic Activity. — It frequently happens that 
there is regurgitation of the duodenal contents into the stomach, so that 
while trypsin is not a gastric enzyme, but one of pancreatic origin, it 
may still be present in the stomach contents. Hawk and his collaborators ^ 
have found trypsin very frequently in the contents of the normal human 
stomach. 

Spencer's Method. — Spencer's method is as follows: 

** (a) Prepare five reagent tubes, Nos. 1, 2, 3, 4, and 5 ; more if desired. 
To tubes 1 and 2 add 0.5 c.c. of gastric contents (filter if cloudy). 

" (6) To tubes 2, 3, 4, and 5 add 0.5 c.c. of distilled water. 

"(c) From tube 2 remove 0.5 c.c. of its mixed contents and add to 
tube 3. Mix thoroughly and add 0.5 c.c. from tube 3 to tube 4. Repeat 
for tube 5. 

**We now have dilutions of gastric contents of 1, %, ^, % and Me. 

" (d) To each tube add one drop of phenolphthalein solution (phenol- 
phthalein 1 gram; alcohol (95 per cent.) 100 c.c.) ; then add drop by 
drop a 2 per cent, sodium bicarbonate solution until a light pink color is 
produced. 

** (e) To tubes 1, 2, 3 and 4 add 0.5 c.c. of casein solution. Tube 5 
must receive 1 c.c. of casein solution, since it contains 1 c.c. of the diluted 
gastric contents. For the casein solution, dissolve 0.4 gram of casein 
in 40 c.c. of N/10 NaOH. Add 130 c.c. of distilled water, then 30 c.c. 
N/10 HCl. This leaves the solution alkaline to the extent of 10 c.c. of 
N/10 NaOH, minus about 3 c.c. neutralized by the casein. 

' ' (/) Incubate for five hours at 40° C. 

" (flf) Precipitate the undigested casein by drop wise addition of a solu- 
tion of the following composition: glacial acetic acid 1 c.c, alcohol (95 

* For other methods of determining peptic activity, consult P. B. Hawk, ' ' Practi- 
cal Physiological Chemistry," 1916, p. 167. 
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per cent.) 50 c.c., distilled water 50 e.c. The tubes in which digestion 
has been complete remain clear ; others become turbid. 

** (fc) The tryptic values are expressed in terms of dilution. Thus, 
complete digestion in tube 3 (a dilution of V^) shows fotir times the 
tryptic power of undiluted gastric juice; taking 1 as a standard, its 
tryptic value is 4." 

Detection of Eennin.^RiEGEL 's Method. — To 10 c.c. of fresh milk 
are added 5 c.c. of neutralized gastric juice, and placed in the incubator 
for 15 minutes. If rennin is present, distinct coagulation will be 
observed. 

Detection of Organic Acid. — ^In cases of marked stasis of the stomach 
contents, as in gastric carcinoma, gastroptosis, etc., the food undergoes 
a process of fermentation, with the resulting liberation of organic acids 
such as acetic, butyric, lactic, oleic, etc. These are especially presepj; 
in the marked diminution of free hydrochloric acid. To test^for these 
acids, the following methods may be used. 

1. Detection of Lactic Acid. — (a) Uffelmann's Beaction. — ^To 5 c.c. 
of a 1 per cent, solution of phenol add a few drops of a 5 per cent, solu- 
tion of ferric chlorid until an amethyst-blue color develops. To this 
add a few c.c. of the filtered gastric juice. A positive reaction is in- 
dicated if a canary-yellow color develops. It responds to the presence 
of 0.01 per cent, or more of lactic acid. 

(&) Kelling's Test. — To a test-tube full of water, add a few drops 
of a 10 per cent, solution of ferric chlorid. Divide the contents of the 
tube into two portions. To one portion add a few drops of filtered 
gastric juice. If a distinct canary-yellow color (ferric lactate) is pro- 
duced, lactic acid is present. 

(c) Strauss' Test. — It is best to extract 5 c.c. of the gastric contents 
with ether in a separately funnel (thus separating out the lactic acid) 
and then test the ethereal extract according to the method of Kelling. 

(d) Hopkins' Test. — To several c.c. of concentrated sulphuric acid 
in a test-tube, add one drop of a concentrated solution of copper sulphate, 
and a few drops of filtered gastric juice. Heat it in a beaker of boiling 
water for two minutes. The tube is now cooled under running water, 
and to it are added a few drops of a dilute alcoholic solution of thio- 
phene, C5H5S,' and the tube is replaced in the beaker. If lactic acid is 
present, a cherry-red color develops quite rapidly. For clinical pur- 
poses this test is very cumbersome and more expensive to carry out as 
well as consuming more time, without being much more accurate, than 
the Uflfelmann test. 

Certain foods, such as milk, bread and meat, contain a certain amount 
of lactic acid. In performing analyses of the gastric contents this is to 
be kept in mind. The advantages of the various test-meals, as well as 
their disadvantages, have been discussed (see page 3). 

2. Detection op Butyric Acid. — Under physiological conditions, 
butyric acid may be present in the gastric contents if the individual has 
partaken of much milk or butter. In infants, it is frequently present in 
the gastric contents. The vomitus of an infant will often have the char- 
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acteristic rancid butter odor. In cases of carcinoma of the stomach with 
marked obstruction, there may be present much butyric acid in the 
stomach contents. 

The characteristic, disagreeable odor of butyric acid is the best test 
for its qualitative detection. It is best, however, to shake out the liquid 
under examination with ether, wash the ether with a little water and 
then add a few crystals of calcium chlorid. The butyric acid will 
separate out as oily globules, easily detected by the odor. 

To the ethereal extract add a few drops of concentrated sulphuric 
acid and ethyl alcohol, and warm slightly. An odor of pineapples will 
develop if butyric acid is present. 

3. Detection op Acetic Acid. — ^Due to the action of fungi, acetic 
acid may be produced in the stomach. It is sometimes mistaken for 
lactic acid. The gastric contents are extracted with ether, and the ethereal 
residue reextracted with water. This watery extract is neutralized with 
sodium carbonate. Add a few drops of dilute ferric chlorid solution, 
and a red color will appear if acetic acid is present. 

Topfer's Method of Oastric Analysis. — This method is much less 
elaborate than many others, but is sufficiently accurate for ordinary 
clinical purposes. The method embraces the volumetric determination 
of (1) total acidity, (2) free acidity (organic and inorganic), and (3) 
free hydrochloric acid, and the subsequent calculation of (4) combined 
acidity and (5) acidity due to organic acids and acid salts, from the 
data thus ob^ined. 

Oenerali Peocedure. — Feed the Ewald test-meal as directed previ- 
ously. At the end of one hour remove the entire stomach contentis and 
analyze as directed below. This method of procedure is less accurate 
than the fractional method. Measure the volume of the gastric contents, 
strain it through cheese-cloth and introduce 10 c.c. of the strained 
material into each of three small beakers or porcelain dishes. Label 
the vessels A, B and C respectively and proceed with the analysis accord- 
ing to the directions given below. The volume of fluid present in the 
stomach one hour after an Ewald meal varies under normal conditions 
between 50 and 100 c.c. In cases of hypersecretion or defective motility 
200-306 c.c. may be found. Very excessive volumes, e.g., 500-3000 cc, 
are indicative of dilatation of the stomach and suggest pyloric stenosis, 
either benign or malignant. 

1. Total Acidity. — Add 3 drops of a 1 per cent, alcoholic solution 
of phenolphthalein to the contents of vessel A and titrate with N/10 
sodium hydroxid solution until a faint pink color is produced and 
persists for almost two minutes. Take the burette reading and calculate 
the total acidity. 

CcUciUation. — The total acidity may be expressed in the following 
ways: 

(a) The number of cubic centimeters of N/10 sodium hydroxid solu- 
tion necessary to neutralize 100 c.c. of gastric juice. 

(6) The weight (in grams) of sodium hydroxid necessary to neu- 
tralize 100 c.c. of gastric juice. 
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(c) The weight (in grams) of hydrochloric acid which the total 
acidity of 100 c.c. of gastric juice represents, i.e., percentage of hydro- 
chloric acid. 

The forms of expression most frequently employed are a and c, 
preference being given to the former, particularly in clinical work. 

In making the calculation note the number of cubic centimeters of 
N/10 sodium hydroxid required to neutralize 10 c.c. of the gastric juice 
and multiply it by 10 to obtain the number of cubic centimeters neces- 
sary to neutralize 100 c.c. of the fluid. If it is desired to express the 
acidity of 100 c.c. of gastric .juice in terms of hydrochloric acid by 
weight, multiply the value just obtained by 0.00365. 

2. Free Acronr {Organic and Inorganic). — Add 3 drops of sodium 
alizarin sulphonate solution to the contents of vessel B and titrate with 
N/10 sodium hydroxid solution until a violet color is produced. In 
this titration the red color, which appears after the tinge of yellow due 
to the addition of the indicator has disappeared, must be entirely re- 
placed by a distinct violet color. Take the burette reading and calculate 
the free acidity due to organic and inorganic acids. 

Calculation. — Since the indicator used reacts to both organic and 
inorganic acids, the number of cubic centimeters of N/10 sodium hy- 
droxid used indicates the free acidity of 10 c.c. of gastric juice. 

3. Free Hydeochlobio Aero. — ^Add 4 drops of dimethylamino- 
azobenzene (Topfer's reagent) solution to the contents of the vessel C 
and titrate with N/10 sodium hydroxid solution until the initial red 
color is replaced by orange yellow. Take the burette reading and cal- 
culate the free acidity. 

Calcvlation. — The indicator used reacts only to free hydrochloric 
acid, hence the number of cubic centimeters of N/10 sodium hydroxid 
used indicates the volume necessary to neutralize the free hydrochloric 
acid of 10 c.c. of gastric juice. To determine the data for 100 c.c. of 
gastric juice proceed according to the directions given under Total 
Acidity. 

4. Combined Actoity. — This value may be obtained by subtracting 
the number of cubic centimeters of N/10 sodium hydroxid used in neu- 
tralizing the contents of vessel B from the number of cubic centimeters 
of N/10 sodium hydroxid used in neutralizing A. The data for 100 c.c. 
of gastric juice may be calculated according to directions given under 
Total Acidity. 

5. AcroiTY Due rfo Organic Acros and Aero Salts. — This volume 
may be conveniently calculated by subtracting the number of cubic 
centimeters of N/10 sodium hydroxid used in neutralizing the contents 
of vessel C from the number of c.c. of N/10 sodium hydroxid solution 
used in neutralizing the contents of vessel B. The remainder indicates 
the number of c.c. of N/10 sodium hydroxid solution necessary to neu- 
tralize the acidity due to organic acids and acid salts present in 10 c.c. 
of gastric juice. The data for 100 c.c. of gastric juice may be cal- 
culated according to directions given under Total Acidity. 

According to Seidl, the gastric contents obtained after a test-break- 
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fast possess, as a rule, a higher degree of acidity than the filtrate. 
The higher acidity degree is caused by a mechanical combination of 
the acid with the starchy material. Gastric mucus has the property of 
binding much alkali. For this reason acidimetry in the presence of 
considerable admixture of mucus -with the gastric contents should be 
performed with the filtrate only. 

On the other hand, Weinberg states that titration of the unfiltered 
gastric juice gives more reliable results than titration of the filtered 
specimen. If possible, titration of both filtered and unfiltered gastric 
contents should be made in order to obtain data concerning the dis- 
tribution of the acid contents (Hawk). 

Olutzinski's Method for Gktstric Acidity. — Smithies states that in 
gastric cancer or in cases where a peptic ulcer is suspected of being 
carcinomatous, the Glutzinski method is particularly instructive. The 
method of procedure is as follows : The contents of the fasting stomach 
are siphoned out in the morning and the findings recorded as to amount, 
color, odor, relics of food, blood, etc., litmus reaction, free acid with 
Congo paper and free acid with phloroglucin vanillin ; lactic acid with 
Strauss or Uflfelmann tests, and occult blood with the guaiac, turpentine, 
or benzidin tests. The amount of free acid and total acid is determined 
by titration. The microscopical findings are also recorded. Then the 
stomach is washed out clean with tepid water and Ewald-Boas test- 
breakfast is given. Forty-five minutes later the stomach contents are 
siphoned out again and the stomach thoroughly rinsed out anew. The 
test-dinner is then given : about 100 grams of chopped roast veal or boiled 
beef; 150 grams potato cooked with 20 grams fat and no fluid. The 
stomach contents are siphoned out anew after 2 hours. All this is done 
on one day. The findings of larger amounts of hydrochloric acid after 
the test-dinner speak for ulcer; smaller proportions for cancer. The 
insufficiency of the stomach mucosa is revealed by the lack of acid 
after the test-dinner, even when some acid is found after the test- 
breakfast. Fonis regards such findings as absolutely conclusive in doubt- 
ful cases. He tabulates the findings in 26 ulcer cases and comments on 
the value of the information thus derived. In four cases the findings 
proved dubious and the course of the cases showed that the ulcer at 
the time must have been just starting malignant degeneration. The 
procedure, says Smithies, is one of much promise, and should be tried 
in doubtful cases as a matter of routine. Negative information should 
never, however, postpone laparotomy where the clinical history is sug- 
gestive. 

Husca does not believe in the reliability of the Glutzinski test. Ac- 
cording to him there are too many factors that play an important part 
in determining the amount of free hydrochloric acid. Kuttner also 
could not substantiate Glutzinski 's claims. Nevertheless, Nicolayessen, 
of Christiania, reported before the International Congress of Surgeons, 
New York, 1914, that he and his collaborators have obtained good results 
with this method. 

According to Zoeppritz, who employed Glutzinski 's method in 462 
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eases, so-ealled relative secretory insufficiency occurs comparatively often 
in the presence of gastric carcinoma, but may also be observed in other 
affections of the stomach and even when the stomach is healthy. The 
method is useless in the differential diagnosis between stenotic and 
non-stenotic carcinoma and . between carcinoma and ulcer, and in the 
early diagnosis of malignant disease (Zoeppritz). 

Volume of Gastric Secretion. — In order to determine whether the pa- 
tient is suffering from hypersecretion, it is necessary to determine the 
quantity of gastric contents before and after a test-meal. If the volume 
is the same as the volume taken in, with the test-meal, it is indicative 
of motor insufficiency. In normal subjects, it is possible to withdraw 
only a portion of the ingested volume taken in the test-meal, the rest 
having passed into the duodenum. 

It has been observed by London and Polowzowa, and by London and 
Sagelmann, that all foodstuffs do not leave the stomach with the same 
rapidity. They demonstrated that carbohydrates leave more quickly 
than proteins, and proteins leave more quickly than fats. This so-called 
** selective capacity" of the stomach for certain foodstuffs has been dis- 
puted by Scheunert and by Grinnerer, but the investigations of Cannon 
have demonstrated that there is such a ''selective capacity." Cannon 
explains the reason why different foodstuffs leave the stomach with un- 
equal rapidity, as due to the chemorefiiex action of the hydrochloric acid 
upon the pyloric sphincter. The proteins combine with hydrochloric 
acid and hence its action upon the sphincter becomes weaker, while this 
is not the case with the carbohydrates. According to him, if the car- 
bohydrates are moistened with alkali they leave the stomach more slowly 
than usual and the acid proteins, on the contrary, leave the stomach 
earlier than other proteins. 

It has been found by Boldyreff that after administration of fat to a 
patient, there is a marked regurgitation of bile, duodenal and pancreatic 
secretions into the stomach, so that gastric digestion in these cases is 
essentially brought about by pancreatic juice. The experiments of Bab- 
kin, Boldyreff and others have demonstrated that the acid concentration 
of freshly secreted gastric juice of man is similar to that of the dog, that 
is, 0.4 to 0.5 per cent., and that this initial high acid content is reduced 
by means of the regurgitated alkaline fluids of the duodenum. This 
claim was corroborated by the experiments of Migai and Zaitzeff in Rus- 
sia, and by Hawk and his collaborators in America. 

Method op Mathieu-Remond. — The patient receives a definite volume 
of water, which is thoroughly mixed with the gastric contents by means 
of massage, only blowing air into the stomach through a tube. The 
acidity of the gastric contents is determined before and after the addi- 
tion of the water. From the amount of dilution which the residue 
undergoes is determined the volume of the gastric contents. 

Let X = volume of the residuum (before the intake of the 
water). 

q = volume of water added. 
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V = volume of gastric contents removed before the ad- 
ministration of the water. 

a = acidity of the gastric contents removed before 
dilution. 

a' = acidity of diluted residuum. 

• ' • ax + a'q = a'x, 

a'q 



a— a'' 



a — a' 

Method op Strauss. — A portion of the gastric contents is removed, 
and the volume and specific gravity are estimated. A measured volume 
of water is then introduced into the stomach, and is allowed to mix in- 
timately with the gastric contents. The entire gastric contents are 
now removed and the specific gravity of the diluted gastric contents is 
determined. 

X = volume of gastric residuum before the water intake. 

S = specific gravity of undiluted contents. 

S' = specific gravity of diluted contents. 

V = volume of diluted contents removed, 

a = volume of water taken in. 

. _ yg-f (a— V)S^— a 

Method op Elsner. — The Mathieu-Remond formula having been de- 
termined, the stomach is thoroughly washed out until the gastric wash- 
ings come out clear. These washings are collected in graduated cylin- 
ders and allowed to stand 24 hours. The sediment is now read off. 
Normally this volume should be between 30 and 100 c.c. A volume above 
100 c.c. speaks for motor insuflSciency. Prym has absolutely denied 
the value of these tests, but Mlathieu energetically opposes the views 
of Prym. 

^Iethod op Hayem and Winter. — This method determines the change 
in concentration of the gastric juice by estimating the quantity of dis- 
solved solids in one cubic centimeter of the juice. A measured volume 
of juice is evaporated to dryness in a weighed vessel, and the dry resi- 
due thus determined. Winter suggests that the patient receive the 
Ewald test-breakfast together with 10 grams sugar. At the beginning 
of digestion the concentration is 0.10; after 1 hour with the Ewald 
meal it is 0.06. When the stomach is nearly empty the concentration 
is 0.01. In this way it is possible to determine at which period of 
the digestion the specimen was removed. 
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Behfnsfl Method of Fractional Analysis of Gkistric Secretion. — ^As 

Rehfuss, to whom we are greatly indebted for the following data, says, 
in the literature the idea of making a fractional examination of gastric 
digestion is by no means new. Perhaps to Hayem belongs the credit 
of studying most carefully the secretory output in various con- 
ditions, but his method was crude and his curves show the irregular 
intervals necessitated by such an examination. Practically all examina- 
tions which were conducted on the gastric secretion in the human sub- 
ject used the method by which the subject received a definite test- 
meal which was emptied in ten minutes on one day, on the following 
day in twenty minutes, on the third day after thirty minutes, and so 
on, until the entire cycle of gastric digestion was completed. Many 
authors have investigated the gastric secretion at various periods. Ewald 
and Boas, then Reichmann, von Jaksch and Kornemann, in 1885, pub- 
lished a most comprehensive series of observations on the digestion of 
milk in a healthy young man of 20. After habituating his subject to 
the passage of the tube, he commenced his series, removing the milk 
on successive days after increasing time intervals. 

Von Jaksch records a series of tables indicating the effect of milk, 
tea, carbohydrates and meat in children. These were administered and 
removed at various intervals by means of the sound. His observations 
are of interest and he shows that the position of the high point differs 
according to the diet ingested. He makes the statement, however, that 
after the administration of weak tea and saccharin, free HCl is de- 
tected in 78 per cent, of the cases in three-quarters of an hour, but 
after feeding milk or meat, he could detect its presence in the first 
quarter of an hour. 

Schule's observations are quite complete, but unfortunately restricted 
to four individuals, although they were repeated, and different articles 
of diet were investigated. After tea and toast, for instance, while the 
majority of high points were encountered at sixty minutes, several were 
found at forty-five and seventy-five minutes, respectively. 

Kornemann gives fifty minutes as the point at which the free HCl 
reaches its height after the administration of a test-breakfast. With 
35 grams of roll and 250 grams of tea, he finds the stomach empty in 
two and one-half hours. 

Ehrenreich, perhaps, published the first satisfactory results of a 
complete examination of the gastric cycle and utilized for that purpose 
a Nelaton catheter. He showed that examinations at quarter-hour inter- 
vals demonstrated that the pepsin concentration rapidly reached its 
maximum (after twenty to thirty minutes) and then had a tendency 
to remain constant, while the acid concentration reached its maximum 
only after seventy minutes. Gregerson criticizes the method, in as much 
as apparently a great deal of saliva and mucus is formed by Ehren- 
reich 's method. Some twenty-two cases were enumerated by Ehrenreich, 
insufficient to draw any interpretation of the interesting findings which 
he recorded (Rehfuss). 

Gregerson 's cases, while few in number, are interesting and instruc- 
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tive, but the method, as were other methods enumerated above, is en- 
tirely impractical. 

In 1914, Rehfuss described his method of studying gastric secretion. 
He devised a tube by which it is possible to follow the entire cycle of 
gastric digestion with practically no discomfort and by which it is 
possible at any given moment to draw off any quantity desired of the 
juice to perform the necessary chemical examinations. The following is 
the procedure as described by Professor Hawk, in whose laboratory Reh- 
fuss carried out his investigations: 

Removal op REsrouuM. — If the so-called "empty" stomach is exam- 
ined in the morning before any food or drink has been taken, it will 
be found to contain considerable material. This is termed residuum. 
Before a test-meal is introduced into the stomach, this organ should 
be emptied. If this is not done we cannot consider the samples with- 
drawn after the test-meal is eaten as representing the secretory activity 




Fig. 1. — ^Rehfuss Stomach Tube. 

of the gastric cells under the influence of the stimulation of the test- 
meal. It has been generally recognized, clinically, that a residuum 
above 50 c.c. is pathological. Such a volume has been considered as 
indicative of hypersecretion, and this in turn in many cases indicates 
an organic lesion. The observations indicating that a residuum of 
over 10 c.c. was pathological, were made upon residuums removed by 
means of the old type of stomach tube, which does not completely 
empty the stomach. When the residuum is completely removed by 
means of the Rehfuss tube it has been demonstrated that the normal 
residuum is practically always over 20 c.c. and that the average is 
about 50 c.c. The normal residuum has been found to possess all the 
qualities of a physiologically active gastric juice with an average total 
acidity of 30 and an average free acidity of 18.5. The residuum is 
often colored by bile. This is particularly true if the fluid has a rela- 
tively high acidity. Trypsin is also generally present. These findings 
indicate regurgitation. A residuum of large volume possessing a total 
acidity value of 70 or over may indicate ulcer. 

The Test-SIeal. — Before making an analysis of the stomach con- 
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tents it is customary to introduce something into the stomach which 
will stimulate the gastric cells. The response to this stimulation is then 
measured clinically by the determination of total acidity, free acidity 
and pepsin in the stomach contents. Many forms of test-meal have 
been used. 

The test-meal most widely employed is the Ewald test-meal. This 
consists of 2 pieces (35 grams) of toast and 8 ounces (250 c.c.) of water. 
Inasmuch as it was demonstrated by Rehfuss that water gave a similar 
gastric stimulation to that produced by the Ewald meal, he suggested 
that a simple water-meal might be substituted for the Ewald meal. 
This water-meal also has the added advantage of enabling one to de- 
termine the presence of food rests and to test more accurately for lactic 
acid, blood and bile. 

The Retention-Meal. — ^In order to obtain more information re- 
garding gastric motility than is furnished by the ordinary test-meal 
described above, the patient may be fed a so-called retention-meal. This 
meal is fed in place of the regular evening meal and contains substances 
readily detected. In the morning before breakfast (7-8 a. m.) remove 
the stomach contents (residuum) by aspiration and examine for food 
rests. The normal stomach should give no evidences of food retention. 
A satisfactory retention-meal consists of 4 ounces each of boiled string 
beans and rice. Diets containing prunes, raspberry marmalade, lyco- 
podium powder, etc., have also been employed. In many instances an 
ordinary mixed diet will serve the purpose (Hawk). 

Removal op Samples for Analysis. — ^At intervals of exactly 15 min- 
utes from the time the test-meal is eaten until the stomach is empty 
5-6 c.c. samples of gastric contents are withdrawn from the stomach 
by means of aspiration. 

In removal of samples from the stomach, it is essential that very 
little traction be employed. To empty the stomach completely, aspira- 
tion is practiced in four positions : (a) on the back ; (6) on the stomach ; 
(c) on right side; {d) on left side. This results in complete evacua- 
tion of the stomach. Three tests may be employed to determine whether 
the stomach is empty: (1) No more material can be aspirated in any 
position; (2) injection of air and auscultation over the stomach with a 
stethoscope reveals a sticky rale and not a series of gurgling rales 
such as are heard when there is material in the stomach; (3) lavage 
or irrigation through the tube which shows the absence of all food in 
the stomach. 

Plotting op Curves. — ^The results of these examinations are plotted, 
the abscissa being the time, in minutes, at which the gastric contents 
were removed and the ordinate being the number of c.c. decinormal 
sodium hydroxid solution necessary to titrate the free acidity and the 
total acidity of the gastric contents. 

The normal curves that may be obtained are of three types, accord- 
ing to Rehfuss and his co-workers: (1) The '* isosecretary^' type shows 
a steady rise, high point, in terms of tenth normal sodium hydroxid, 
40 for free acid and 60 for total acid, usually sustained for from half 
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an hour to an hour, and then a gradual decline with total disappearance 
of the food residues in from two to two and a half hours (Fig. 2). 

(2) "The hypersecretory type shows a rapid response to stimuli, 
often a marked change in the acidity even of the five-minute samples, 
rapid increase in acidity, high point from 70 to 100 or over, either sus- 
tained or abrupt, and a slow decline or none at all in the usual time. 
The food left the stomach in normal time from two to two and one-half 
hours, but even after the passage of all food material, there was often 
encountered an outpouring of pure gastric juice for half an hour, one 
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hour or even several hours. This finding, which was obtained in many 
cases, is so pronounced and distinct that they call it continued digestive 
secretion in contradistinction to hypersecretion because it occurs in nor* 
mal symptomless persons. This type they call the hypersecretory type 
because of the general tendency of the acidity to assume exaggerated 
proportions" (Rehfuss, Bergeim and Hawk). 

(3) The hyposecretory type shows a slower ascent than the isose- 
cretory curve, a slower response to stimuli, and a high point from 40 to 
50. This type is rarely met with. 

Conclusions of Usual Test-Meal Analysis. — ^It is in the change 
of function due to gastric disease that this curve is of such great diag- 
nostic aid. From this curve we can obtain information which a single 
analysis after one hour following an Ewald test-meal could never yidd. 
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The author cannot do better than quote the conclusions of Rehfuss 
as to the limitations of the usual test-meal analysis : 

1. It is impossible to interpret the figures obtained by the examina- 
tion of the test-meal removed in one hour by the usual technic. 

2. The one-hour period represents but one phase in the constantly 
changing cycle of gastric digestion. While it is true that in a certain 
proportion of normal cases the high point is to be found at the one-hour 
interval, this is by no means always the case, and pathologically every 
deviation from this type may be encountered. 

3. It is impossible to judge what has preceded or what will follow this 
point, data absolutely necessary to a complete understanding of the case. 

4. Delayed digestion, many forms of hyperacidity, hypersecretion, 
symptoms of early catarrh, occult bleeding, are in many cases entirely 
overlooked by the customary examination. 

5. So-called normal figures at the one-hour point cannot be inter- 
preted in the light of a simple isolated phase examination. They may 
mean (a) a perfectly normal curve; (6) they may be followed by a 
marked hyperacidity, hypersecretion, and motility disturbances at a later 
period; (c) they may be only one point in a continued high acidity 
and hypersecretion such as is encountered in obstructive cases; (d) they 
may show a form of larval hyperacidity. 

6. Hyperacid figures may be part of an abrupt rise and equally 
rapid fall, or they may be part of a sustained persistent hyperacidity 
accompanied by marked hypersecretion and evidences of beginning or 
pronounced motor disturbances, factors impossible to demonstrate by 
the ordinary examination. 

7. Subacid figures may be part of a general subacid curve, or they 
may mean a simple delay in digestion with its complete evolution at a 
later period. Finally, by no means rare, subacid figures at the one-hour 
point may be followed by hyperacid figures at a later stage in digestion. 

8. The ordinary method can give us evidence of nothing but the 
crudest anomalies in motor function. The fractional method enables 
us to determine precisely the end point of gastric digestion. 

9. In the studies of the complete gastric cycle, every form of secre- 
tory and motor disturbance has been found. A symptom like the 
actual motor secretory disturbance by no means respects the hour period 
and may be found depending on the nature of the case at any point 
in the gastric cycle. 

In a paper on "The Impossibility of Interpreting the Findings Ob- 
tained by the Customary Examination of the Test-Meal,'' Rehfuss makes 
clear the following points : 

1. This point records but one phase in the ever changing cycle of 
gastric digestion. 

2. A large number of observations have shown that this point is 
by no means the high point or the representative one. 

3. Many changes may precede or follow this point. 

4. Many forms of hyperacidity, hypersecretion, occult bleeding, are 
entirely overlooked in this way. 
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5. Delay iu digestion may mean that figures at the one-hour point 
may be doubled at the second honr. 

6. No idea of evacuation or the motor function of the stomach 
can be obtained by this method, 

7. Entirely erroneous conclusions may be drawn. 
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Fig. 3. — Fallacies or the Ewald Test-Meau 
The poBaibilities of the gastric curve with a normal aeiditj at the one-hour 
period: (I) Normal curve; (2) hyperaciditj; (3) peTsistent hTperacidi^; (4) 
larval byperactdity; (S) continued bjperBecretion; (6) prolonged digeetion. 

Conclusions from Rbhpub3 Fhactional Method. — The curves that 
may be obtained by the Rehfuss fractional method in gastric ulcer, duo- 
denal ulcer and in gastric cancer are rather typical. 

In cases of gastric ulcer the ascent of the curve is rapid, and may 
reach ita maximum before the hour or a little after. The high point in 
the free acidity may be between 60 and 70 and the total acidity between 
100 and 110. There is then a gradual or sudden decline as the stomach 
empties itself. Blood may, of course, be found in the fractions removed. 
Two typical analyses of the secretion in cases of gastric ulceration, con- 
firmed by operation, are given in Table 1. 
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Fio. 5. — CuBVEs IN A Casb 07 DUODENAL Ulceb. (Table 2^ Mrs. B.) 



Table 2. Cubves in Cases of Duodenal Ulceb. 
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In duodenal ulcers the ascent of the curve is gradual. The height 
of the curve seems to be reached when the stomach is emptying itself, 
and the reflex irritation of the food passing over the diseased duodenum, 
stimulates the secretion of the gastric juice. Table 2 shows the result 
of the analyses by the fractional method of two cases of duodenal ulcer, 
confirmed by operation. 




MIN. 1& 30 45 60 75 90 105 120 135 150 

Fig. 6. — Curves in a Case op Pyloric Cancer. (Table 3, Mrs. C.) 

It will be seen from these analyses how inefficient the ordinary one- 
hour examination would have been. The report would have come — 
** Total acid 56 and free acid 38'' (Mrs. F.), and the conclusion would 
have been reached that this was a case of hypo-acidity, and one would 
begin to suspect stasis, malignancy, etc. In reality, as one sees from 
the fractional method, this is a case of hyperacidity, pointing toward 
a duodenal ulcer. 
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In gastric carcvnoma with obstruction, the curve usually present is, 
in the author's experience, the following. (Table 3, Fig. 6.) The free 
acid is either entirely absent, or rises to a point between 10 and 15 after 
one hour. The total acidity may, on the other hand, be normal or even 
above normal. The following analysis of gastric carcinoma, with ob- 
struction, confirmed by operation, is rather typical. Blood and lactic 
acid were very heavy. 

Table 3. Cubvbs in Pyloric Cancbb. Mrs. C. (Fig. 6). 
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In the author's opinion, analyses of the gastric secretion by the 
Rehfuss fractional method yield results of great significance and of dis- 
tinct aid in the diagnosis of diseases of the stomach and duodenum. 

Reflex irritation due to gall-stones, appendicitis, etc., may influence 
the gastric curve markedly and give results stimulating ulcer. This 
must always be borne in mind. 

In carcinoma of the fundus of the stomach (with no obstruction at the 
pylorus), both the total and free acid is markedly subnormal (Fig. 7). 

The Gastric Besidnum. — ^Harmar and Dodd have shown, by means 
of the roentgen rays, that the complete removal of the gastric residuum 
with the aid of the usual stomach-tube, is by no means certain. Thii 
finding has been further confirmed by Rehfuss, Bergeim and Hawk, who 
have succeeded in removing, from the normal fasting stomach, quantities 
of residuum greatly in excess of that obtainable by the old method. 
Loeper, Zweig, Kemp, Wolff, Strauss, Riegal, and Soupalt * assert that 
the quantity of residuum in the normal fasting stomach should not 
exceed 20 c.c, and that there should be no microscopic food residues. 
Rosin and Schreiber* declare that the qucmtity of residuum is not of 
much importance, as a pathological factor. In thirteen samples of normal 
residues obtained by Rehfuss, Bergeim and Hawk, none were found to 
be so small in volume as the 20 c.c. suggested by Loeper and others, 
while five were very near the 60 c.c. limit suggested by Rosin and Schrei- 
ber, and four were greatly in excess of this figure. Oettinger says 
that when the amount of residuum exceeds 150 c.c, food debris or reten- 
tion is almost constantly observed, and that a diagnosis of stenosis can 

• Cited by Loeper. 
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be made unhesitatingly. However, Rehfuss, Bergeim and Hawk had 
one case of 180 c.c. of residuum, and another of 120 e.c. ; yet in neither 
were any microscopic food residues found. This absence of microscopic 
food residues was true of all the cases examined, although in a few 
cases fat globules and vegetable fibers were found microscopically. 

In regard to the cause of the residuum, it has been suggested by 
Loeper that there is an increased molecular concentration of the re- 
siduum, and that this favors pylorospasm and a consequent retention of 
material. The presence of bile in a number of the residua of Rehfuss, 
Bergeim and Hawk, and the absence of pylorospasm, would not tend 
to favor this theory. On the contrary, if the closure of the pylorus is 
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due to an acid reflex on the mucous membrane of the duodenum, it 
is more probable that, in the absence of acid, the pylorus is in a 
relaxed condition. Sokolow showed that saliva, bile and pancreatic 
juice were all capable pf causing gastric secretion. Grobbel maintains 
that saliva is always expelled from the stomach at the close of the meal. 
Oettinger suggested that although the bile reaction of the residuum 
might be negative, still there would be, in some cases, a distinct yellow- 
ish, or greenish-yellow color. This fact has been further substan- 
tiated, by the work of Rehfuss, Bergeim and Hawk, and by the present 
contribution. Sartory showed the presence of a yeast in the gastric 
residuum, to which the color was due. He designated it as Crypiococcus 
salmoneus. Fowler, Rehfuss and Hawk have shown, however, that not 
in all eases is the color due to yeast, as many times a strong bile reac- 
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tion was demonstrable. Oettinger suggests that, as the acidity of the 
residuum becomes stronger, it becomes the richer in yeasts, and the 
poorer in microbes. 

Loeper has suggested the use of the volumes of residua in relation 
to the diagnosis of ulcer. However, as has been shown by Behfuss, 
Bergeim and Hawk, this is open to great error, and its value is very 
questionable. Recently Meunier found that the freezing-point lowering 
(cryoscopic index) of the stomach contents was 0.35° C. He suggested 
the use of this fact in the administration of medicaments. He demon- 
strated that when medicaments were given at the concentration having 
the same freezing point lowering, they passed through the stomach with 
maximum rapidity. He concludes that if medicines are given in solu- 
tions capable of lowering the freezing-point 0.35° C, the least gastric 
disturbance will result. 

Fowler, Rehf uss and Hawk draw the following conclusions from their 
study of gastric residua: 

1. They have been able to confirm the finding of their previous 
investigation, that **the accepted limit of the normal residuum of the 
empty stomach as 20 c.c. is false." The average volume of the residuum, 
in over 100 normal cases, in the present investigation, was 52 c.c. This 
finding throws considerable question on the value of an increased resid- 
uum in the diagnosis of ulcer. 

2. The residuum found by them in every case had all the qualities 
of a physiologically active secretion. They believe that the gastric glands 
are never inactive, and cite experiments to demonstrate that, even in 
the absence of normal stimuli (food, psychic, etc.), these secretions 
appear. 

3. There is a definite relationship between the character of the 
residuum, and the character of the gastric secretory response to a stim- 
ulus, as a test-meal, for instance. 

4. From the standpoint of osmotic pressure, there is a constant 
tendency toward the formation of a secretion in the stomach. 

5. Both colorless, and bile-colored residua may be found, and the 
two may occur in the same individual. 

6. The colored residuums appear more frequently in higher activi- 
ties, and vice versa, a fact which is explained by the greater frequency 
of regurgitation in the former condition. This regurgitation has for 
its purpose the partial neutralization of the high acid stomach contents. 

7. Total and free acidity vary directly with each other. It is 
pointed out that free acidity was rarely encountered until the total 
acidity exceeded 10. The averages in this series of studies were 29.9, 
total acidity, and 18.5, free acidity. The value of acid figures over 70, 
with an increased quantity of residuum, is emphasized as of diagnostic 
value. 

8. There is a definite relationship between the quantity of pepsin, 
and the total acidity for low acid values. As high acid values are 
approached, this relationship disappears. 

9. Trypsin was found almost constantly in the residuum. It is 
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shown to be inversely proportional to the free acidity. This is ex- 
plained by the more complete closure of the pylorus in high acid con- 
ditionSy in conjunction with the destructive action of acid on trypsin. 

10. The average cryoscopic index of — 0.470, as compared to an 
index of the blood equivalent to — 0.560, gives evidence of a tendency 
for osmosis of material to take place from the blood into the lumen 
of the stomach. 

11. High acidities are shown, by a comparison of the cryoscopic 
index and specific gravity data, to be accompanied by a throwing out 
of solution of certain molecules, the character of which is unknown 
at the present time. 

12. The residuum is one of the lightest fluids of the body, having 
an average specific gravity of 1.0056. This point is not without sig- 
nificance. 

Fowler and Zentmire obtained the following data: 

Eighty-one samples of residua were collected from sixty different 

subjects; twenty-one of the subjects submitted to the passage of the 

tube twice. 

Averages on the compilation of the normal gastric residuum : 

1. The average quantity removed in eighty-one cases was 49.44 c.c, 
the largest quantity being 135 c.c, and the smallest 12 c.c. 

2. In sixty-nine cases noted, the residuum was in twenty-two cases 
(32 per cent.) colorless, and in forty-seven cases (68.1 per cent.) yellow 
or green. 

3. The total acidity recorded in eighty-one instances averaged 30.3 
in terms of tenth-normal sodium hydroxid, with the highest figure at 
86.0 and the lowest at 4.0. 

4. The free acid (seventy-nine cases) averaged 15.6, with figures 
ranging from 74.5 to 0. 

5. The pepsin concentration as measured by the Mette method was 
determined in seventy-nine cases, and gave an average of (3.3), highest 
(6.7), and lowest (0.0). 

6. Trypsin was tested for in sixty-three cases, with an average of 
5.2 units; ten cases gave 16 units, and fifteen, no reaction. Thus in 
23.8 per cent, of the cases there was no evidence of trypsin. 

7. Microscopical examination revealed on no occasion gross food 
residues. On several occasions vegetable debris was found, but never 
meat fibers. Leukocytes, in considerable number, were found almost 
constantly, and occasionally swallowed material from the throat with 
bacteria. 

The gastric curve produced by three cases of pernicious anemia 
(Kahn and Barsky) strikingly resembles the curve of carcinoma of 
the stomach. The free acid was absent and the total acid varied between 
15 and 45. No blood was present; a trace of lactic acid was found in 
one case ; pepsin was absent. The gastric mucosa appears to be altogether 
non-functionating, due to the complete atrophy that is doubtless present 
of the raucous raembrane. The patients were complaining of gastric 
distress, belching and anorexia, and they stated that they felt better 
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when a solution of hydrochloric acid and pepsin was administered to 
them. 

Method for the SimultaaeouB Fractional Analyses of Oastrio and 
Duodenal Contents (Kahn). — It is possible to study simultaneously the 
duodenal and gastric secretions by the following method : An Einhom 
tube is passed into the duodenum of the patient, using the technic of 
Einhorn. Next morning a Behfuss tube is inserted into the stomach of 
the patient. The patient is then given an Ewald test-meal, and the gas- 
tric and duodenal contents removed simultaneously at varying intervals 
of time. The extractions are usually made every fifteen minutes for a 
period of two and a half or three hours. The gastric contents are ana- 
lyzed for the acid secretions and the enzymes. The duodenal contents 
are' analyzed for the various enzymes. The results are charted in the 
form of a curve. 

A gastro-duodenal tube has been devised which obviates the necessity 
of passing two tubes. This tube is composed of two compartments — 
one ending ten inches above the duodenal opening. The tube bifurcates 
at its free end, and the openings are distinctly labeled G and D to indi- 
cate the opening leading to the stomach and to the duodenum. 

Oastro-albomorrhea Test. — 1. Salomon Test. — On the assumption 
that malignant disease of the stomach is accompanied by degeneration 
processes which liberate debris and protein matter into the stomach 
cavity, Salomon recommended a test, which he thought was diagnostic 
of cancer of the stomach. This theoretical assumption is in accordance 
with our knowledge of cancer in general, and the results reported by 
various observers would seem to bear out the theory. It must be re- 
marked, however, that such diseases as gastric ulcer would also cause 
a gastro-albumorrhea, as has been demonstrated by several opponents of 
Salomon's Test. 

Salomon's method for testing the stomach contents for the albumin 
fraction is as follows: The stomach is first carefully washed on the 
evening before testing, after a preliminary non-albuminous fiuid diet 
has been administered for twenty-four hours. On the next morning the 
stomach is thoroughly washed with normal saline solution (400 c.c), 
the same fluid being repeatedly used and then tested for the quantity 
of nitrogen by the Kjeldahl method, and for the quantity of albumin 
by the Esbach method. 

Salomon found the nitrogen content in non-carcinomatous cases to 
be between and 16 milligrams per 100 c.c. of fluid. His study of 
six cases of cancer of the stomach revealed between 10 and 70 milli- 
grams of nitrogen per c.c, and the albumin content was between 0.06 
and 0.5 parts per thousand. According to Salomon, a case is extremely 
suspicious of carcinoma if the nitrogen content is more than 20 milli- 
grams per 100 c.c. of the fluid, or if the Esbach test gives a distinct 
precipitate. 

Siegel concurred with Salomon's opinion, concluding from his own 
results, that a figure over 25 milligrams of nitrogen per 100 c.c. is sus- 
picious of gastric cancer, Orlowski, Schittenhelm and Lowes, Zirkelbach, 
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Witte, and Schupfer, are convinced that the Salomon test is of value. 
Gerster regards this test as useful in cancer of the lesser curvature 
without stenosis, unless the cancer has formed on an old ulcer, in which 
case the little hydrochloric acid present would digest the albumin pres- 
ent. Zirkelbach, however, is of the opinion that the minimum nitrogen 
content suggestive of cancer is 30 milligrams nitrogen per 100 c.c. of 
the washing fluid. Berent and Guttmann, Romano, Minkowski, and 
Yague have reported very unfavorable results with this test. 

2. WoLPP-JuNGHANS METHOD. — This method is well described by 
Smithies, and we shall quote from him: In the normal aspirated test- 
meal there are demonstrable relatively large quantities of soluble al- 
bumin, by means of precipitating reagents. This soluble albumin 
appears only through the agency of the gastric enzymes. This fact is 
proved by testing for soluble albumin, a similar test-meal which had 
been chymified, but not swallowed. In such event, only minute quan- 
tities of dissolved albumin are present. 

Acting on these observed facts, Wolff and Junghans fed similar 
meals to sets of individuals, revealing malignant and benign achylias. 
Their work appeared to show that in the malignant achylias aspirated 
test-meals were rich in soluble albumin, while in benign achylias very 
little of the albumin could be demonstrated. 

Three suppositions have been advanced to explain this increased 
volume of dissolved albumin in the malignant achylias. It has been 
suggested that the excess of albumin is due (a) to interference with 
albuminous absorption; (6) to a ** cancer milk" rich in albumin, which 
exudes from malignant growths, and (c) to a specific, peptid-splitting 
ferment from the neoplasm, capable of carrying protein digestion as 
far as the completely soluble stage. 

Clinically, the reaction was shown to be positive in 18 of a series 
of 20 gastric cancers, and negative in 14 of a series of 15 cases of 
simple achylia in Ewald's service. Recently Ralph reported posi- 
tive tests in all of 7 cases where cancer was present in the stomach, 
or secondarily involved that viscus. In 8 cases of benign achylia the 
test proved negative. Ralph states that gastric contents contaminated 
with blood beyond a dilution of 1 to 3000 may give the reaction and 
cautions against positive interpretation in instances where there is 
high combined acid present. In such event, peptone is usually present. 
He claims that cancer of the cardia is not so likely to give a positive 
reaction as is cancer in other parts of the stomach. 

(a) Technic of Smithies. — Smithies used the following technic: 

Preparation for Test, — The day previous to the examination of his 
gastric extract the patient was given one ounce of castor oil at 4 p. m. 
This was followed at 6 p. m. by a motor test-meal consisting of mixed 
food. At 7 P. M. twenty raw, seedless raisins were given. Twelve hours 
later (7 a. m. the following morning) the patient was fed 60 grams of 
second-day bread and 200 c.c. of water. This secretory test-meal was 
removed from 50 to 60 minutes after administering. The specimen 
secured was thoroughly mixed, filtered through double, hydrochloric 
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acid washed papers, and tested for dissolved albumin within an hour 
of its being obtained from the stomach. On account of the fact that 
only 52.2 per cent, of cases of gastric cancer yield gastric extract, re- 
vealing the absence of free hydrochloric acid, and that in 15.7 per cent, 
of cases free hydrochloric acid ranged between 20 and 50 per cent., he 
deemed it advisable to apply the test for soluble albumin not only to 
achylias but also to gastric extracts where the free hydrochloric acid 
was below 20 per cent. In a few instances of suspected malignant ulcer 
he has performed the test upon gastric extracts with higher free hydro- 
chloric acid content. In such he has been fully alive to the possibilities 
of error, but for the purpose of gaining information and for comparison 
he has deemed it wise to make the test. 

Mode of Procedure, — Six absolutely clean test-tubes are required for 
each test. Those of the narrow type and of 20 c.c, capacity answer 
very well. The tubes are numbered serially from 1 to 6. They receive 
respectively 1 c.c, 0.5 c.c, 0.25 c.c, 0.1 c.c, 0.05 cc, and 0.025 c.c. of 
the filtered gastric extract. These amounts are readily measured by 
means of a 1 c.c. pipet, graduated into 1/100 c.c. ; the volume in each 
test-tube is next consecutively brought up to 10 c.c. volume with dis- 
tilled water. This gives from the tubes 1 to 6 dilutions of gastric 
juice varying respectively from 1 to 10 to 1 to 400 (viz., 1 to 10, 1 to 
20, 1 to 40, 1 to 100, 1 to 200, and 1 to 400). These figures he has 
termed "units'* of precipitable albumin. The tubes are then inverted 
several times to insure complete mixture of their contents. One c.c. of 
the reagent to precipitate the albumin in solution is then carefully lay- 
ered upon the contents of each tube. The precipitating reagent sug- 
gested by Wolff has proved satisfactory. 

It has the following formula : 

Phosphotungstic acid 3 grams 

Hydrochloric acid (concentrated) 10 c.c. 

Alcohol (96 per cent.) 200 c.c. 

Water 2000 c.c. 

Mix and keep in a glass or rubber-stoppered flask in a 
cool place. 

The results are interpreted in the following manner: 
If the white ring of precipitated albumin appears in tubes 1, 2 and 3 
(namely, units of albumin from 10 up to 50), and no further mani- 
festations are present in the remaining three tubes, the test is called 
negative. If tubes 1, 2, 3 and 4 exhibit rings (units of albumin from 
10 to 100) the reaction is considered suspicious. The presence of white 
rings in tubes 1, 2, 3, 4, 5 and above (units of albumin ranging from 
10 to 200 to 400) is considered a jKwitive test. 

Besvlts. — The gross results of Smithies' work were as follows: of 
747 gastric extracts of the class described above, 318 (42.6 per cent.) 
gave 200 to 400 units of precipitable albumin; 112 (15.7 per cent.) 
exhibited 100 units, and 317 (42.4 per cent.) showed less than 100 units. 
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In this grouping 71.5 per cent, of the gastric extracts were from cases 
showing some degree of gastric retention. 

Smithies summarizes his experience with this test in the following 
words: 

1. When carefully performed and interpreted, the Wolfif-Junghans 
test for demonstration of dissolved albumin in gastric extracts was 
positive or suspicious in 80 per cent, of the series of gastric cancer. In 
this series it was a more constant finding in gastric extracts than were 
the absence of free hydrochloric acid, the presence of lactic acid, and a 
positive glycyltryptophan test. It was rather more constant than the 
demonstration of occult blood and of gastric motor eflSciency. It was not 
so consistent in its manifestation as the demonstration of organisms of 
the Oppler-group or the increase in the formal index. 

2. In extragastric malignancy, gastric syphilis and nephritis, the 
Wolff-Junghans test seems inconstant. 

3. In the differentiation between malignant and non-malignant 
achylias, the Wolff-Junghans test, when interpreted in connection with 
other clinical and laboratory data, is of considerable value. Positive 
reactions are rarely obtained in the achylias of primary anemia, simple 
achylia gastrica, and simple achlorhydrias when such are unassociated 
with gastric motor inefficiency. 

4. Simple gastric and duodenal ulcers, especially when accompanied 
by pyloric stenosis or gastric atony, may give confusing responses to 
the Wolff-Junghans' test. 

5. The presence of blood in gastric extracts may be a factor in 
the production of certain positive tests. 

The gastro-albumorrhea test was applied in cases of pernicious ane- 
mia by Kahn and Barsky. The total nitrogen in 100 c.c. of gastric 
contents was 4.1 mg. and 3.7 mg. No albumin was present as determined 
by the phosphotungstic acid precipitation method. It is to be assumed 
that there is no discharge of protein from the gastric mucosa, although 
there no doubt is a chronic inflammatory process, in quantities sufficient 
to be tested. 

(6) Method of Behfuss and Clarke. — ^By means of the fractional 
method, Rehfuss and Clarke have studied the protein content of the 
gastric juice in every phase of digestion. The regular Wolff technic 
was used, the specimens being removed every 15 minutes for analysis. 

One point is worthy of especial mention. The patient is warned to 
be particularly careful about swallowing oral and bronchial secretions. 
An estimation of the protein content of saliva in six normal individuals 
showed that it gave a reaction in five cases at 1 : 80 and in one case 
for some unknown reason at 1 : 160. These figures can be greatly sur- 
passed in the sputum encountered in certain pulmonary cases, and 
it is an everyday observation that these individuals swallow much of 
their sputum. 

Clarke and Rehfuss state that the protein on various occasions found 
in the gastric juice must come from a variety of sources. Briefly 
enumerated, it may come from food ingested, saliva or bronchial secre- 
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tions swallowed, bleeding owing to an xdcerative lesion, regurgitation 
of intestinal contents, and finally in cases in which there is a gastric 
lesion, from specific protein products derived from the lesion itself. 

That the pure gastric juice derived from normal individuals contains 
but little protein, must be evident from the fact that on various occa- 
sions the juice obtained from normal individuals after the administra- 
tion of a water-meal (a test-meal consisting of 200 c.c. of water which 
is aspirated at intervals) never showed a protein content exceeding 1 : 40. 
This is significant inasmuch as it indicates that the pure normal juice 
has a very low protein content, any increase of which must be of 
pathologic importance. But the customary Wolff test is performed by 
administering the ordinary Ewald test-meal, and testing at the one-hour 
interval. Concerning this method, we have some data from Wolff, Ein- 
stein and Bolph; the results, however, of testing merely one phase of 
the digestive curve is obviously wrong. It merely registers a single point 
in the whole mechanism of gastric digestion and gives no information 
regarding the elaboration .of the protein, a point not without importance. 

Clarke and Rehfuss, therefore, made studies (1) to determine if pos- 
sible the actual content of the test-meal and its fluctuation during diges- 
tion, and (2) the modification of this curve in normal and pathologic 
cases. These latter are recorded merely in the hope that a possible in- 
terpretation may be obtained, for some of the curious phenomena re- 
corded. 

They found that tea alone gave no reaction even at a dilution of 
1 : 10, and that a regular Ewald meal consisting of 8 ounces of tea and 
two pieces of toast gave a reaction at 1:20, immediately after thor- 
ough maceration. After standing for fifteen hours in the incubator at 
38** C. a reaction of 1:40 was obtained, showing that there was prac- 
tically no autodigestion. A solution of pepsin without hydrochloric acid 
gave no protein action whatever. 

In interpreting any protein curve, the question arises as to the 
quantity and source of the protein. Clarke and Rehfuss have pointed 
out that, normally, in the absence of any extrinsic factor, the quantity 
of dissolved protein runs more or less parallel to the duration of time 
in the stomach and the acidity. Any marked deviation must therefore 
be accounted for. On the basis of this finding rests the value of the test 
for diagnostic purposes. If the protein curve simply follows the acid 
curve, it merely represents the action of the gastric juice on the bread 
ingested, and may be taken as an index of gastric function. This is 
rarely given in the acid curve. But abnormal or pathologic possi- 
bilities exaggerate the curve, out of all proportion to the acid curve, 
either in the very beginning, during, or at the termination of the curve. 
Therefore, if bread alone can only give us a definite amount of protein 
within a definite time, an exaggerated quantity or the presence of high 
figures must mean that the protein comes from other sources than bread. 
In the present work, the separation and recognition of the different 
forms of protein has not seemed practical for routine work. The method 
of interpretation has been based on a comparison of the acid and protein 
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curves. It is therefore perfectly evident that a certain protein con- 
centration in a given time can be produced from a standard meal. What 
are the extrinsic sources of protein? These may be (1) blood; (2) the 
presence of pus either intragastric in origin or swallowed; (3) the end- 
products of protein digestion still in the stomach through atony or 
obstruction; therefore stasis, lack of motor tone or actual obstruction 
may unduly increase the protein concentration, all of which are removed 
by emptying the stomach before administering the meal; (4) a possible 
exudation of lymph or serum from ulcer; (5) the exudation from a 
malignant lesion. 

Clarke and Rehf uss draw the following conclusions from their work : 

1. The gastric juice in health shows definitely a protein content 
of very low degree. 

2. This content is increased in disease by the addition of an exuda- 
tion of protein material from inflammatory, ulcerous, or carcinomatous 
mucous membranes, or by the addition of partially digested and retained 
food residues, or the swallowing of protein material such as certain forms 
of sputum. 

3. Bread and tea alone, following the composition of the Ewald 
meal, will show in the absence of any pathologic factor, a definite amount 
of protein, corresponding to the curve or the digestive power of the 
juice secreted. A mixture of maceration of bread in tea will show a 
protein content on 1 : 20-1 : 40 ; if the mixture is acted on by an artificial 
gastric juice in vitro the protein content of the juice rises steadily within 
the next two hours and may reach 1 : 320 in seventy-five minutes. In 
other words, there is a transformation and liberation of soluble protein 
which may be demonstrated by the Wolff technic. 

4. The pathologic significance arises when a curve shows any marked 
deviation from this recognized standard, that is to say, when there is 
an undue concentration of protein out of all proportion to that normally 
found at that particular phase in digestion. If, therefore, a marked 
increase in protein does not conform in a general way to the acid curve 
it can be definitely stated that the protein is coming from other sources 
than the proteins of the bread. 

5. An analysis of the protein would seem to demonstrate that nor- 
mally it is of the nature of a proteose, but in inflammatory or ulcera- 
tive conditions it is probably serum protein removed to a large extent 
by saturation with ammonium sulphate. 

6. Attention is called to the interesting curves found in ulcer, many 
of which showed traces of blood, several of which can be explained on 
the basis of protein retention, some of which must be explained on the 
basis of hypothetic exudation. 

7. In the differentiation of achylia carcinoma, we pointed out that 
the test was of value in direct proportion as the case approached a true 
achylia and the added factors (extrinsic) such as swallowed pus, bleed- 
ing and protein residues could be ruled out. They likewise pointed 
out that the one-hour point was insuflScient for examination and that the 
characteristic for carcinoma in these cases is a divergence of the protein 
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curve out of all proportion to the acid curve. Infected catarrh, hemor- 
rhagic erosions, achlorhydria, hemorrhagica gastrica, may give high find- 
ings, but they do not have the tendency to give a steadily increasing 
protein content. 

8. They believe that a study of the protein curve may yield in- 
formation of the greatest value, provided that all the precautions have 
been observed. 

(c) Investigations of Hess. — Hess, who studied the gastric secretion 
of very young infants (several hours old), came to the following con- 
clusions from his work : 

New-bom infants regularly secrete a considerable amount of hydro- 
chloric acid before they are given any food. Among fifty-two infants 
varying in age from one-half hour to eighteen hours, only one did not 
have hydrochloric acid in the stomach ; in all but one instance free acid 
was obtained. 

The hydrochloric acid varies greatly in amount. Exceptionally it 
was found almost lacking on repeated tests (congenital hypochlorhydria 
of hyposecretion), or very profuse (congenital hyperchlorhydria or hy- 
persecretion). 

In almost all cases acid was obtained throughout prolonged tests, in 
spite of the fact that food was not given to stimulate secretion. In 
one instance 17 c.c. of highly acid juice was aspirated in one hour and 
fifty minutes. Rennin, pepsin and lipase were also obtained in the 
(unfed) new-bom. 

Prevailing physiologic views cannot account for the gastric secretion 
immediately after birth. It is not the result of mechanical stimulation 
by means of the catheter, as the juice was obtained immediately on 
the introduction of the tube, withooit an intervening latent period. It 
may be prenatal in origin. Nor is it clear what stimulates the continued 
secretion which was obtained for hours. Experiments showed that the 
saliva is not the exciting agent; the effect of sucking could not be de- 
termined. Comparative tests of the same infants at birth and later, 
during the first week of life, showed that the stimulus to gastric secre- 
tion may be greater in the new-bom infant which has not been fed. 

This chlorhydria of the new-bom is not usually associated with in- 
creased tonicity of the pyloric sphincter, as the duodenal catheter can 
readily be passed through the pylorus. Even when 0.4 per cent, hydro- 
chloric acid is instilled into the gastric cavity the catheter can be read- 
ily passed into the duodenum. However, the high acidity may at times 
be related to the pylorospasm or to duodenal ulcer met with in infancy. 

Although gastric secretion is so marked in the new-born, duodenal 
and pancreatic secretion is very scanty. Nor can this secretion be read- 
ily stimulated by allowing hydrochloric acid to enter the duodenum. 
Evidently the mechanism of pancreatic secretion is not as easily activated 
in the new-born as in later infancy. 

Hess used a soft rubber catheter for the removal of the gastric contents. 

Oastric Emptying Power. — Smithies, in his excellent book on ' ' Can- 
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cer of the Stomach," describes in detail the physiologic method for 
estimating the gastric emptying power. We shall quote from him : 

1. Physiologic Method op Smithies. — Its object is to prove whether 
food can pass into or out of the stomach. The contra-indications are 
few: recent severe hemorrhage; clinical evidence of perforation; coma; 
extreme asthenia ; severe cardiorenal disturbances or mental upsets. 

The patient's stomach should be washed free from whatever material 
it contains. Following the lavage (provided the clinical history of 
marked stenoses at the orifices has not been obtained), 2 ounces of castor 
oil are administered through the stomach-tube or per oram. Three hours 
later the patient is allowed to eat a moderate-sized meal of mixed food, 
in the manner that he ordinarily follows. This meal contains among 
other ingredients, at least 50 grams of cold meat, 2 leaves of head 
lettuce and 20 raw raisins. Instructions are sometimes needed to in- 
sure the patient's swallowing the skins of the raisins. It is important 
that they should be eaten. Beverages are allowed, preferably water, 
milk or weak tea. This meal has the advantages of being readily avail- 
able, palatable, and of sufficient bulk. The last consideration is of 
essential value in any motor meal. It is impossible to establish evidence 
of the anatomic condition of the stomach orifices by motor meals of the 
baby pap type. An interval of 8-12 hours is permitted to elapse before 
a stomach-tube is passed and attempts at the recovery of remains of 
the motor meal are made. Experience has taught us that food rem- 
nants present constantly in a stomach after 8 hours, generally indicate 
some mechanical hindrance to their free exit from the viscus. It is not 
uncommon in healthy individuals to demonstrate the presence of food 
in the stomach after 4 to 6 hours, i.e., the common time limit for esti- 
mation of gastric emptying power. In many instances of pyloric spasm, 
associated with peptic ulcer, disease of the gall-bladder, the appendix, 
etc., intermittent (and sometimes marked) 6 to 8 hours' residues may 
be removed from the stomach. In pronounced atony, rather more than 
4 per cent, of cases exhibit food retained longer than 6 hours. 

Some degree of 12-hour retention was demonstrated in 483 cases 
(69 per cent.) in Smithies' series of 701 instances where test-meal data 
are available. Frequently the amount varied considerably upon re- 
peated examinations, but there were but 2 per cent, of cases, in which 
the neoplasm was located at the antrum or distal to it, where some trace 
of food retained for from 8 to 12 hours could not be persistently demon- 
strated (Smithies). 

Smithies gives a table, which we shall reproduce here, showing the 
clinical inter-relationship existing between important test-meal findings 
and the presence of abdominal tumor. (See Table 4.) 

2. Salol Test op Gastric Motility (Ewald and Sievers). — ^Phenyl- 
salicylate (salol) decomposes into phenol and salicylic acid when in 
alkaline solution. It is understood, therefore, that in the gastric passage 
it neither decomposes nor is it absorbed. In the intestines, however, 
salol is split up, and absorbed, and the urine shows the presence of 
salicyluric acid. 
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Table 4. Relation between Tebt-Meal Findings and 


Gasthic Tumor. 




Total 


Sar- 
cins 


Yeasts 
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No 
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71 
150 
221 

85 
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36 
65 
20 
31 
42 
46 
48 


36 



116 

38 

76 

116 

117 

104 


65 

116 



50 
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20 
38 
50 

44 
57 
64 
76 


31 

76 

132 

44 



130 
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120 


42 
116 
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57 
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146 

142 


56 
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186 

64 
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146 



147 


48 


Yeasts 


104 


Oppler-Boas 

Lactic Acid 

NoFreeHCl 

Food Remnants. . . . 
Tumor 


172 
76 
120 
142 
147 


Occult Blood 






The method of performing this test is as follows: The patient is 
given one gram of salol immediately after dinner or breakfast. The 
urine is collected, and tested every fifteen minutes for salicyluric acid 
by the addition of ferric chlorid, which imparts a violet color to the 
urine in the presence of the aryl derivative. Normally, the salicyluric 
Qcid appears in the urine in from 30 to 75 minutes. A delay of more 
than 75 minutes means motor insuflBciency. If for 24 hours the delay 
persists, it is presumptive evidence of pyloric stenosis. In cases of 
gastroptosis or gastrectasis, the salol may still be present in the urine 
after 30 hours, although normally, the salicylates are totally excreted 
within 24 hours. 

Sometimes the salol may decompose in the stomach due to the pres- 
ence of alkaline mucus, or of regurgitated pancreatic juice (Brunner). 
On the other hand it sometimes happens that owing to acid fermenta- 
tion in the intestines, the salol fails to decompose after it has passed 
the stomach. 

Huber has recommended that the time that it takes for the salicyluric 
acid to disappear from the urine be measured. When the motility of 
the stomach is normal, the salicyluric reaction disappears by the twenty- 
fourth to the twenty-seventh hour. Accordingly, the patient, emptying 
the bladder at the end of twenty-seven hours, is asked to pass urine 
every three hours thereafter until the salicyluric acid reaction, if still 
present, disappears. The delay of the end of the reaction is said to be 
directly proportionate to the slowing of the motility of the stomach. 

3. Leube's Test op Motor Power op Stomach. — The patient is 
given a Riegel test-meal. This is removed six hours later, and the stom- 
ach is washed with a liter of water. If only slight traces of food are 
present, the motor power of the stomach is normal. This method is, 
perhaps, the most convenient for practical purposes. 

4. Iodoform Test for Gastric M'otility. — Fleischer administers to 
the patient 0.1 gram iodoform, with, or just after, the main meal. The 
urine is then examined for iodin. With normal gastric motility, iodin 
appears in the urine, in from 60 to 90 minutes. 

5. Winternitz Test.— The author of this test recommends the use 
of iodipin instead of salol. This substance is not affected by the gastric 

VOL.. II.— 3. 
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contents, but is acted upon in the intestine by the pancreatic secretion, 
with the liberation of iodin, which may be tested for in the saliva by the 
addition of a little starch paste. 

6. Sahli 's Desmoid Reaction. — This is a method for testing gastric 
function without using the stomach-tube. The underlying principle of 
the test is the fact that raw catgut may be digested in gastric juice 
but is entirely indigestible in pancreatic juice. The test is made as 
follows: A methylene-blue pill is introduced into a small rubber bag 
and the mouth of the bag subsequently tied with catgut. The small 
bag is then ingested immediately after the midday meal and the urine 
examined, 5, 7, 9, and 18-20 hours later for methylene blue. If methylene 
blue is present in appreciable quantity, it will impart to the urine a 
greenish-blue color. If not present in suflBcient amount to impart this 
color, the urine should be boiled with one-fifth its volume of glacial 
acetic acid, whereupon a greenish-blue color results if the chromogen of 
methylene blue is present. This contingency seldom arises, however, 
inasmuch as in most cases of uncolored urine it will be found that the 
rufiber bag has passed through the stomach unopened. If the methylene 
blue is found in the urine inside of 18-20 hours a satisfactory gastric 
function is indicated. 

7. Qt)NZBUBG 's Method. — ^Webster describes this method as follows : 
"A tablet of 0.2 gram of potassium iodid is placed in a piece of the 
thinnest possible, strongly vulcanized rubber tubing, measuring about 
2.5 cm. in length. The ends of the tubing are folded and the package 
tied with three threads of fibrin which have been hardened in alcohoL 
The package is now tested by placing it in warm water for several hours 
and examining the water for potassium iodid. The patient swallows 
one of these packages three-quarters of an hour after an Ewald meal, 
the saliva being tested for potassium iodid at intervals of 15 minutes. 
In the presence of free hydrochloric acid in normal amounts, the threads 
of fibrin are dissolved and the potassium iodid is absorbed, giving a reac- 
tion in the saliva in from one to one and three-quarter hours. In cases 
of hypochlorhydria the reaction is delayed, a delay of 6 hours indicating 
a practical absence of free hydrochloric acid. This test very frequently 
gives reliable results, but the threads of fibrin soon become brittle and 
break on swallowing the package, so that a reaction for potassium iodid 
under these conditions would have no value." 

Motility of Intestine. — 1. Carmine Test. — In order to determine 
the motility of the intestine, certain substances which color the feces 
are given at a definite time, and the evacuations are watched to ascer- 
tain the interval necessary for these substances to appear in the feces. 
Carmine colors the feces red. The patient is given the Schmidt diet 
(see page 37), together with a capsule containing 0.5 gram carmine. 
As Basch remarks, in the carmine test, we have a simple, harmless, 
reliable and convenient means for the demarcation of stools and the 
estimation of gastro-intestinal motility and patency for the detection of 
fistulous communications of the alimentary canal with exterior or with 
other hollow organs, for the location of the distal end of a duodenal 
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tube, and to aid in the differentiation between esophageal diverticulum 
and dilatation (Aaron). 

Hymanson studied the carmine test in infants and children. He 
states that a complete passage of carmine, when given by mouth, 
of less than fourteen hours is abnormal. In children with intestinal 
catarrh, the passage time varies from 9 to 12 hours, and in hyperemic 
and ulcerated forms of catarrh from 3 to 8 hours. The main point 
deduced is that the more severe the condition, the higher up the lesion. 
These quick passages have a certain diagnostic value. If carmine given 
by mouth is in the stools within a definite interval, there might be good 
reason to suspect the existence of pyloric obstruction. Carmine is given 
to children in doses of ^ to 2 grains* 

2. Chaecoal Test. — Instead of carmine, charcoal may be adminis- 
tered with similar results. 

3. Einhorn's Bead Test. — Einhorn describes a method of estimat- 
ing the motor functions of the digestive apparatus. It consists in hav- 
ing the patient swallow a number of small porcelain or glass beads. 
The time that elapses between the taking of the beads and their re- 
appearance, indicates the length of their sojourn in the digestive 
apparatus. Solid foodstuffs are attached to glass or porcelain beads 
by being drawn through the opening in the bead and tied on with a 
silk thread; obviously on passing through the stomach and bowel, the 
substance attached to the bead, if entirely digestible, will have disap- 
peared, whereas indigestible substances will be found in the feces at- 
tached to the bead. It is possible in this way to ascertain the digesti- 
bility of many food substances in normal as well as in pathological 
conditions. 

Six test-substances are usually attached to the beads: (1) catgut; 
(2) fishbone; (3) meat; (4) potato; (5) mutton fat; (6) thymus gland. 
Physiologically, the first two substances (catgut and fish bone) are usu- 
ally digested in the stomach, and the remaining four (meat, potato, mut- 
ton fat, thymus) in the intestine. 

All the beads usually appear in the stool under normal conditions 
in one or two days, either all empty, or with a trace of fat, th^us 
or fish bone left. Deviations from this rule point to pathologic condi- 
tions. 

With regard to the functions of the digestive apparatus, the follow- 
ing conclusions may be drawn: In case all the beads reappear in a 
much shorter time than 24 hours, there is an accelerated motility; if 
they reappear after forty-eight hours, a retarded motility exists. The 
digestive function is good if all the beads are empty, or if there are 
but traces of fat, thymus or fish bone left. A reappearance of catgut 
or meat, potato, much fat or much thymus, always indicates a 
poor digestive function for the food substance in question. If all these 
test substances reappear in the stool, an absolutely poor digestive func- 
tion exists. 

Preparation of Food Beads. — (1) Catgut: Take raw catgut No. (X), 
draw it through the bead and tie the ends together. 
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(2) Fish Bone: As the ordinary fish bone breaks when tied in a 
knot, it is best to use the long bones from a pickled herring. The bones 
are washed in water first, then rubbed off with a cloth and kept in 
water in a bottle. When wanted they are taken out of the water, drawn 
through the bead, and tied in the same manner as the catgut. 

(3) Meat: The muscle-fibers of raw beef are cut lengthwise in the 
direction of the fibers and in pieces 5 to 6 cm. long, and 1 cm. thick. 
These are preserved in a bottle of alcohol. Take a piece of meat from 
the alcohol bottle, tear off lengthwise a muscle fiber, 2 to 3 cm. long and 
1 mm. thick; draw the same through the bead and allow the ends to 
overlap; next tie the ends fast together over the bead with a silk 
thread. 

(4) Thymus: Raw sweetbread from the calf is cut in cubes and pre- 
served in alcohol. For use, lay a small piece, about 2 cubic millimeters, 
within a small square of gauze, fold the four ends of the gauze together 
and tie with thread, so that the small piece of thymus is enclosed as in 
a purse; then fasten the gauze purse to a bead. 

(5) Mutton Fat: Beads with large opening, 1.5 to 2 mm. in diameter, 
are placed in hot rendered mutton fat and after a minute $ire taken out 
with a forceps and placed in a vessel of cold water. This congeals the 
fat. Then they are laid on a clean piece of filter paper, and allowed to 
remain until thoroughly dried ; the beads can thus be kept as long as 
desired, and are ready when wanted for use. 

(6) Potato: Cook a piece of potato with the peel on, in boiling water 
for 2 minutes. Take out of the water and cool. Cut a small piece of 
potato with peel, 1 cm. long, 0.5 cm. wide, and 1.5 mm. thick, and attach 
it to a bead. Two or more substances may be attached to one 
bead, for instance, catgut and fish bone, meat and thymus. The test 
beads can all be kept on hand with the exception of the potato, which 
must always be freshly prepared. Meat and thymus beads are best kept 
in alcohol. Catgut, fish bone, and fat beads are simply preserved dry. 
The bead when prepared should be tied with a string, and the string 
placed in a gelatin capsule and so administered, best shortly after a 
meal. The bead test gives a very fair idea of how long the food remains 
in the intestinal tract, which the test-diet does not. The bead test is 
designed to show the digestibility of protein, fat, and carbohydrates 
and the motility of the gastro-intestinal tract. 

4. Schmidt Test-Diet. — Intestinal suflBciency may be tested by the 
following method of Schmidt, as described by Aaron : 

The Test-Diet and Its Adm/inistration, — The demands to be made 
upon a suitable diet are many. It should be made up in such a way 
as to be equally acceptable to healthy, and to intestinally diseased indi- 
viduals. It should be almost, but not entirely, free from indigestible 
matter, so that the irritation normally supplied by the intestinal con- 
tents may not be entirely absent. Furthermore, it should satisfy the 
minimum caloric requirements in physical rest ; it should contain a suit- 
able proportion of protein, fat and carbohydrates; it should be easily 
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procurable and easy to prepare. In Schmidt's original test-diet, im- 
portance was attached to the exact measurement of all the articles of 
nutrition contained. 

It was as follows : 

Morning: Milk 0.5 liter, or if milk is not well tolerated, cocoa 0.5 
liter, prepared with 20 grams of powdered cocoa, 10 grams of sugar, 
400 grams of water, and 100 grams of milk, together with 50 grams of 
biscuits. 

Forenoon: One-half liter of oatmeal gruel (made from oatmeal 40 
grams, butter 10 grams, milk 200 grams, water 300 grams, 1 egg, and a 
little salt; strained). 

Midday: Chopped beef (125 grams gross weight) slightly roasted 
with 20 grams of butter, care being taken that the inside remains rare. 
Mashed potatoes 250 grams (potatoes 190 grams, milk 100 grams, butter 
10 grams and a little salt). 

Afternoon : Like the morning diet. 

Evening: Like the forenoon diet. 

This diet contains: milk 1.5 liters, 2 eggs, 100 grams of biscuits, oat- 
meal 80 grams, butter 50 grams, beef 125 grams, potatoes 190 grams, 
having the following composition : 

Protein Fat Carbohydrates 

Milk, 1.5 liters 45.0 53.2 67.6 

Two eggs 11.3 10.9 0.5 

Biscuits, 100 grams 8.55 0.98 75.1 

Oatmeal, 80 grams .' 1.76 1.2 8.2 

Butter, 50 grams 0.37 42.2 

Beef, 125 grams 26.0 1.96 

Potatoes, 190 grams 3.95 0.28 39.9 



97.03 110.72 191.3 

Calculating the protein at 4 calories, the fat at 9, the carbohydrates 
at 4, this test-diet would yield 2131.8 gross calories. According to 
Lohrisch, the direct combustion of this test-diet in the calorimeter yields 
2146.3 calories, which corresponds closely enough. Also, according to 
Lohrisch, the cellulose content of one day's test-diet amounts to 0.8916 
grams. However, in the course of years, it has been found that, for 
practical purposes, the precise quantitative determination of various 
nutritive ingredients is not at all necessary. It should simply be borne 
in mind, that the test should be composed of milk in not too restricted 
quantities (^/^ to 1^2 liters) ; white bread or crackers, about 100 grams; 
potato puree, 100 to 250 grams; chopped beef, 120 grams. But many 
additions or omissions may be resorted to, to suit the taste and require- 
ments of the patient. The accurately measured diet is now used only 
for exact clinical examination and quantitative analyses. For practical 
purposes Schmidt now lays down the following changed and amplified 
form of his test-diet : 
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Morning: Milk one-half liter, or tea or cocoa with much milk if 
acceptable ; 1 roll and a soft boiled egg. 

Breakfast: Oatmeal gruel, strained, one plate, with a little salt or 
sugar, if desired ; farinaceous soup or porridge may be substituted. 

Midday: Lean beef, well chopped and slightly roasted (inside rare), 
with potato puree, finely strained, the quantity not to be too small. 

Afternoon : Like the morning diet but without the egg. 

Evening: Milk 14 liter, or a plate of soup (as for breakfast), 1 roll 
with butter, and 1 or 2 soft boiled eggs or scrambled eggs. A little 
wine is also permitted, also the addition of weak coffee, or tea, bouillon 
and chopped cold roast veal. 

This is an absolutely bland and non-irritating diet, which as far 
as possible meets the requirements and the personal taste of the patient, 
with no diflBculty whatever in the way of procuring or preparing the 
same, as it provides only for the simplest and always obtainable articles 
of nutrition. 

In spite of many objections this test-diet has met with general ap- 
proval. The objections were principally to the effect that the diet list 
was not the only possible one — ^which, of course, is correct. It is quite 
possible to compose a different test-diet which would meet the demands 
laid down. But the value of the Schmidt formula lies in the fact that 
upon it as a basis, and through the labors of Schmidt, Strasburger, and 
their co-workers, our entire system of modern coprology and functional 
intestinal diagnosis has been constructed. All the numerous analyses 
and stool examinations which have furnished material for establishing 
systematic intestinal diagnosis have been made with this test-diet. If 
at the present time we are able to speak of ** normal feces," we are in- 
debted for this achievement to the application of just this test-diet. As 
soon, moreover, as we make quantitative or qualitative changes in the 
material points of this test-diet, we rob the fecal examination of its 
firm and assured foundation and destroy the object of comparison — ^the 
normal feces — of which we must always avail ourselves in judging patho- 
logic conditions. 

As a rule, this test-diet is well tolerated. Milk, possibly, might occa- 
sionally give rise to diarrhea. In such cases the milk is boiled together 
with cocoa or replaced by the latter article entirely. 

For purposes of examination, the test-diet is taken for two or three 
succeeding days or, at all events, for a sufficient time to make sure of 
the stool being derived from it. 

Examination of the Test-diet Stool. — The test-diet stool is collected 
in a chamber, transferred to a glass or tin vessel specially reserved for 
this purpose, and sent to the physician. If the feces are hard or thick 
a wooden spatula may be used to transfer them from the chamber ; fluid 
feces may be poured into the receptacle for transportation. 

Having thus obtained the test-stool, the next step is its examination. 
This should be made microscopically and chemically. 

(a) Macroscapical Examination. — The feces should always be exam- 
ined as soon as possible after defecation. They should first be inspected 
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and examined as to color, consistency, odor, gross admixtures of mucus, 
blood, pus and helminths. 

The next step in the macroscopical examination is the trituration of 
the feces. This is done in the following manner : The entire quantity 
is thoroughly mixed with a wooden spatula, so that it becomes a homoge- 
neous mass and it is certain that a sample taken from it represents 
the mixture. Of these stirred feces a small portion, the size of a walnut, 
is carefully triturated in a mortar, with gradual addition of water until 
the mass is of the consistency of soup. The trituration should be done 
so carefully that no coherent non-triturated particles will be visible to 
the eye. These feces, triturated to the finest possible consistency, are 
poured out and spread upon a black plate where it will be possible to 
observe with the greatest accuracy and distinctness whether any parts 
of the test-diet, and which, have been evacuated in a macroscopically 
visible form — i.e., have not been assimilated and digested. The macro- 
scopical examination, therefore, includes a search for connective tissue 
of the meat particles of muscle, potato remnants, fat and cellulose resi- 
due. Furthermore, in this examination it will be possible to recognize 
constituents which do not originate from the test-diet, but from the 
intestine itself, as, for instance, the important matter of mucus, small 
pus flakes, and large crystals of ammonia-magnesium phosphate. 

(6) Microscopical Examination. — The microscopical examination 
serves to supplement the macroscopical, and requires three different pro- 
cedures : 

1. Inspection of a small particle of the untriturated feces, spread 
in a thin layer under the cover-glass: examination as to the presence 
of muscle particles, fat in its various forms, potato cells, cellulose rem- 
nants, cocoa remnants, mucus, pus, and parasitic eggs. 

2. A small particle of feces is thoroughly triturated on a slide with 
a few drops of a 30 per cent, acetic acid solution, by means of a needle ; 
heated for a moment over a flame to the boiling point, and inspected 
under the cover-glass. By this process all the fat remnants are tem- 
porarily melted, the entire quantity of fat being shown in the warm 
preparation in the shape of liquid globules of fatty acid, spread over 
the entire surface. As the preparation cools, the drops coagulate into 
intransparent masses of fatty acid. From this preparation it is possible 
to approximately estimate the fat content of the feces. 

3. A small particle of the feces is carefully triturated on the 
slide with a droplet of a strong compound solution of iodin (iodin 1, 
potassium iodid 2, distilled water 50), and inspected under a strong 
light under the cover-glass. 

By this preparation any remnant of starch, either enveloped in cel- 
lulose or free, which stains blue with iodin will be recognized. At the 
same time it is possible to observe any blue-stain iodin fungi and 
yellow-stained yeast cells. 

(c) Chemical Examination. — (i) Reaction Test.— /The simplest 
method of testing the reaction consists in bringing a strip of red and 
blue litmus paper, soaked in water, into contact with the feces, and 
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noting the change of color on the outer side of the paper. Schmidt rec- 
ommends azolitmin paper, prepared from pure litmus coloring substance. 

(ii) Schmidt's Sublimate Test. — The sublimate test serves to discover 
whether the feces contain the normal fecal pigment, hydrobilirubin or 
pathologically unchanged biliary pigment (bilirubin). The test is based 
upon the fact that hydrobilirubin stains intensely tile-red owing to the 
formation of mercurial chlorid of hydrobilirubin, while bilirubin with 
sublimate stains green owing to the oxidation of the bilirubin, changing 
it to biliverdin. For this purpose it is necessary to triturate in a mortar 
a walnut-sized piece of feces to a thin consistency, adding a generous 
portion of concentrated aqueous sublimate solution (corrosive subli- 
mate 28, sodium chlorid 25, distilled water 500), which is thoroughly 
mixed with the feces. The tile-red stain of hydrobilirubin will then rap- 
idly occur with fresh feces. Feces which have been standing for some 
time produce a reddish-brown to a dirty-brown color. The mixture 
should be allowed to stand for 24 hours, when any unchanged biliary 
pigment that may be present will be found to be stained green. In 
that case, either the entire quantity of feces is stained green or only a 
few macroscopic or microscopic particles may be visible. 

(iii) Schmidt's Incubator Test. — The incubator test is instituted to 
show whether the feces incline to carbohydrate fermentation or to protein 
putrefaction, or whether they are negative. For this purpose Stras- 
burger's fermentation tube is employed. This fermentation tube is con- 
nected with a bottom vessel, into which 5 grams of formed feces are put 
with a wooden spatula and well stirred with water. If the stool is hard 
a smaller quantity is taken, a larger one if it is liquid. The bottom vessel 
is closed with a one-bale rubber stopper, through which runs a glass tube 
connecting it with the fermentation tube. Another glass tube connects 
the fermentation tube with a vessel filled with tap water. The latter vessel 
has a two-hole rubber stopper, through one perforation of which the glass 
tube just referred to leads. Through the other a V-shaped glass tube en- 
ters, one end of which dips down into the tap water while the other enters 
the one-hole rubber stopper of a third vessel, stopping short as it enters 
the top. The apparatus is kept in the incubator for twenty-four hours at 
a temperature of 37° C. Should gas develop, it will enter from the bot- 
tom vessel into the fermentation tube, displacing the water in the middle 
vessel, and thence into the empty vessel. Carbohydrate fermentation is 
assumed to exist if after twenty-four hours the outer tube is about half 
filled with water, if the reaction of the feces has become distinctly acid, 
if the feces in the bottom vessel when it is opened have an odor of butyric 
acid and their color has turned light yellow. Albuminous putrefaction 
has taken place if the reaction of the feces has become strongly alkaline. 
There is a distinct odor of putrefaction, the feces have assumed a dark 
color and there is but slight development of gas. Baurmeister has modi- 
fied the fermentation tube so that it is easily manipulated and more 
durable. The modification consists of three ordinarv wide-mouthed 
bottles connected with glass tubing through perforated rubber stoppers. 
The ground feces are placed in the first bottle, the second bottle is filled 
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Table 5. — ^Analtbis of Feces after Schmidt-Strassbubqer Test-Diet. 

(Pernicious Anemia.) 
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Day 


Weight 
Dry Feces 

(Grams) 


TotarNitrogen 


Fat 


Case 


GramR 


Per cent. 
Intake 


Grams 


Per cent. 
IntAke 


1 
2 
3 


1 

2 

3 

Av. 

1 

2 

3 

Av. 

1 

2 

3 

Av. 


157.5 
162.4 
175.6 
165.1 

98.3 

75.5 

108.2 

94.0 

117.0 

110.6 

86.6 

104.6 


2.343 
2.544 
1.8£7 
2.261 

1.669 
1.926 
1.857 
1.817 

1.144 
1.033 
1.319 
1.132 


14.2 
15.4 
11.5 
13.7 

9.7 
11.2 
10.8 
10.5 

7.2 
6.6 
8.3 
7.3 


4.51 
6.06 
6.72 
6.42 

6.71 
4.29 
5.28 
5.42 

4.62 
3.96 

4.84 
4.47 


4.3 
5.6 
6.2 
5.0 

6.1 
3.9 
4.8 
4.9 

4.2 
3.6 
4.4 
4.06 



with water, and the third bottle remains empty. In the presence of fer- 
mentation or putrefaction the generated gas forces the water with some 
of the feces into the third bottle. When the test-diet feces are normal 
the second and third bottles remain the same as when first placed in the 
incubator. In the presence of fermentation, some of the yellow feces 
are forced into the two other bottles. The feces are usually darker in 
the presence of putrefaction. 

(iv) Examination for Dissolved Protein. — ^For this purpose the fol- 
lowing procedure is instituted: The feces (daily quantity) are well 
triturated, water being added slowly, and further diluted with water 
until a rather liquid consistency (about 500 c.c.) is obtained. This 
fluid is allowed to stand for a few hours and is then filtered through a 
double filter. The turbid filtrate is passed for clarification through a 
silicated filter, after which the filtrate is usually clear. If it is de- 
sired to test the clear filtrate for dissolved protein (albumin, albumose), 
it will be necessary to first remove the nucleoprotein which is present 
in every fecal extract. This is effected by the careful addition, in drop- 
lets, of a 30 per cent, acetic acid solution to the liquid contained in the 
test-tube. The precipitated nucleoproteins cause a turbidity of the 
previously clear filtrate which must now be passed through a double 
layer of filters. If the resulting filtrate is limpid and free from nucleo- 
proteins, a few more drops of a 3 to 5 per cent, solution of acetic acid 
should be added in order to make doubly sure that all of the nucleo- 
proteins have been precipitated, after which the usual albumin test 
— ^boiling with acetic acid — the ring test with nitric acid or the f erro-cya- 
nid-of-potassium test should be instituted. Should the filtrate, turbid 
from the precipitated nucleoproteins, remain so after the. second filtra- 
tion, it should once more be filtered through a silicated filter, which 
will clarify it and make it ready for examination for albumin. Quanti- 
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tatively, the protein in the nucleoprotein-free fecal extract can be de- 
termined by Esbach's reagent, or Tsuchiya's 1 per cent, solution of 
alcoholic phosphotungstic acid (phosphotungstic acid 1, hydrochloric 
acid 5.96 per cent., alcohol 100). 

The analyses of the feces in three cases of pernicious anemia are given 
in Table 5 (Kahn and Barsky). 

In this series of cases of pernicious anemia the bulk of feces was very 
much increased, from 75.5 grams to 175.5 grams. It will be seen that 
the average daily excretion of dry feces in the three cases was 165.1, 
114, and 104.6 grams, an increase of from 100 to 200 per cent, as com- 
pared with the normal figures of Schmidt. The nitrogen elimination was 
also much increased in the first and second cases, being an evidence of 
some deficiency of protein absorption. The average excretion of nitrogen 
in the feces in the three cases was 13.7, 10.5 and 7.3 per cent, respec- 
tively. The fecal fat does not seem to vary much from the normal, the 
average figures for the three cases being 5.0, 4.9 and 4.06 per cent. 

Study of Intestinal Putrefaction (Ethereal Sulphaie Estimation), — 
Perhaps as index of intestinal putrefaction attention may be paid to 
the urinary sulphur partition. It is known that in cases of intestinal 
stasis, etc., where the fiora of the intestines are abnormal, there is an 
increased production of aryl compounds which are conjugated in the 
liver with sulphuric and glycuronic acids, and are excreted in the urine. 

There are normally present in the urine a certain number of organic 
substances, demonstrated to be conjugation products of aromatic sub- 
stances with sulphuric acid. These are called ethereal sulphates. 

The presence of these aromatic sulphates has been known for a 
long time. Berzelius had demonstrated that the sulphates in the urine 
are in a form other than, and in addition to, the inorganic sulphates. 
In 1848, Stadeler demonstrated the presence of phenol and phenolic 
substances in the urine. It was in 1876 that Baumann, by his brilliant 
researches, proved that there were present in the urine a number of 
phenol substances in conjugation with sulphuric acid, and he demon- 
strated the presence of phenolsulphuric acid and cresolsulphuric acid. 

The prolific number of articles that have appeared on the ethereal 
sulphates of the urine, since the time of Baumann, shows the interest 
which this subject has aroused, and the attempts which have been made 
to make practical application of the knowledge of this subject in the 
field of medicine in general, and of auto-intoxication in particular. 

According to Martin, **blue substances" were known to be present 
in the urine by Hippocrates and Galen. Sabatier (1837), Wastel (1840) 
and Bechillon (1840) reported respectively cases of a blue substance in 
the urine. Prout (1840) erroneously identified this substance as Prus- 
sian blue. Similar cases were reported by Heller, Martin, Scherer, 
Virchow, Hill Cassal, von Sicherer, Gubler and others.* 

Schunck, in 1857, found that upon treatment of urine with mineral 
acids or upon air exposure, a blue substance is formed, which he con- 

• We are indebted to Gustav Baar's "Die Indicanurie," Berlin and Wien, 1912, 
for the historical summary on Indican. 
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sidered identical with the indican that occurs in such plants as Indigo- 
fera tinctoria, Isatris tinctaria, etc. Two years later Carter proved that 
this substance is present in the urine of normal and diseased subjects, 
and that it also occurs in blood. 

Bayer showed that indol was the mother-substance of indican. Brieger 
found that intestinal putrefaction produces the same substances as are 
produced by pancreatic digestion. Kiihne, and later Nenaki, proved 
that indol is a product of pancreatic digestion of proteins. Hoppe- 
Seyler demonstrated that fibrin decomposes to indol without the action 
of bacteria. Radziewsky showed that indol was of normal and constant 
occurrence in the feces. Jaflfe stated that the fecal indican, when ab- 
sorbed, is the cause of the urinary indican. 

That indican is produced by decomposition of protein was confirmed 
by Yasnopolsky. It was demonstrated by Baumann, Nencki, Brieger 
and Thieman that indican was indoxyl sulphate. Indican formation is 
due to the same factors that cause, in general, the excretion of ethereal 
sulphates in the urine. 

Nuttal and Thierfelder stated that the only cause of indol forma- 
tion was intestinal putrefaction. 

It was suggested by Hoppe-Seyler that indol and other ethereal 
sulphates were derived in part from the tissue proteins, and he there- 
fore considered two types of indicanuria — ** metabolic" and intestinal. 
Salkowski was inclined, at that time, to concur with the view of Hoppe- 
Seyler. Folin, also, believes in the metabolic formation of ethereal 
sulphates. 

Many investigators, however, are opposed to this view, and have ad- 
vanced many proofs to show that there was no ** metabolic" indicanuria. 

Tuczek demonstrated that in insane individuals who refrained from 
food, no indican was present in the urine. In such cases, indican reap- 
peared in the urine after the ingestion of some protein. Rabbas found 
the same to be the case in a patient who was starving. In fever, where 
we expect high endogenous catabolism, Jaffe found no increase in in- 
dican. 

Salkowski stated that while he could find no indican in the urine 
of starving human beings, still he could demonstrate traces of indican 
in the urine of starving dogs. But Herter explained this indicanuria 
in starving dogs as due to the decomposition of the slight quantities 
of intestinal secretions in the animal 's alimentary canal. 

A number of authors have attempted to influence the endogenous 
metabolism and thus observe the formation of ** metabolic" ethereal 
sulphates. The work of Lewin with phlorizin seemed to show such a 
possibility. Hamack injected oxalate solutions into animals and found 
an increased excretion of indican in the urine. Blumenthal and Rosen- 
feld obtained similar results. Eisch also concluded that oxaluria is 
an evidence of metabolic derangement. 

At the instigation of M. Jaffe, H. Scholz repeated the work of 
Harnack and of Lewin and could not confirm their results. Mayer also 
contradicted Lewin 's findings. 
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In the professional faster, Miiller failed to find indican in the urine 
after the third day of the fast. Sherwin and Hawk found indican in 
the urine of their dog, who was fasted once for 117 days, and the sec- 
ond time 105 days. They summarize their findings thus : 

'*The course of intestinal putrefaction, as measured by the urinary 
indican excretion, was followed in two experiments upon the fasting 
dog. The initial fast was one of 117 days in length, and the indican 
output was continuous and fairly high throughout. The 'repeated' fast 
was 105 days in length, during which the indican values were much 
lower than during the initial fast. There was an absolute absence of 
indican in all urine passed during the last 48 days of the 'repeated' 
fast, i.e., after the 57th fasting day. The finding of diminished in- 
testinal putrefaction as a result of 'repeated' fasting is in line with 
other observations from our laboratory which have shown that 'repeated' 
fasting is accompanied by greater resistance; a less rapid loss in body 
weight; less pronounced protein catabolism; a general physical and 
mental improvement." 

Besides the gastro-intestinal tract, indican and ethereal sulphates 
may be increased in the urine due to putrefaction going on in abscesses, 
empyema, tuberculosis with cavity formation, fetid bronchitis, gangrene, 
retention of a dead fetus, etc. These types of indicanuria were called 
*' septic" indicanuria by MacKee and "extra-intestinal" indicanuria by 
De Santos Saxe. 

Hartmann found increased excretion of indican in pus formation 
anywhere in the body. Wells found that pyothorax increased the in- 
dican excretion. Similar results were obtained by Keilmann (in abscess 
of the knee and furunculosis), by Porter (in abscess formation), and 
by Herter (in intestinal putrefaction). The latter author attempted 
to demonstrate that the formation of indican was due to the activities 
of the BacilhLs coli within the intestinal tract. 

Combe claims that "leaving out organic suppurations, the 'sulpho-. 
ethers' are solely derived from the microbic intestinal putrefaction pro- 
duced at the expense of the proteids, the nucleo-albumins, the pancreatic 
and intestinal juices, the bile and the intestinal mucus." He also thinks 
that the quantity of the so-called "sulpho-ethers" is proportional to the 
degree and intensity of the putrefaction taking place in the intestine. 

Stem, however, believes that the excretion of ethereal sulphates in 
the urine is not proportional to the intensity of the intestinal putre- 
faction, but is proportional to the power of absorption, which varies 
greatly according to the individual. 

The influence of the kind and method of nutrition on the excretion 
of the ethereal sulphates was studied by many authors. 

In 1884, Smimow (Petrograd) studied the effect of consuming 
the daily food at frequent intervals upon the assimilation and metabolism 
of nitrogen, and upon the intestinal putrefactive bacteria. The term 
fractional nutrition has been applied to such a division of the daily 
ration. The subjects were eight healthy young men. The experiments 
were of twelve days' duration and each was divided into 2 equal periods. 
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The same quantities of bread, milk, butter and meat were consumed 
daily. Weak tea with a little sugar was taken as a beverage. As an 
index of bacterial action, the ratio of preformed sulphuric acid to 
ethereal sulphuric acid in the urine was determined. The preformed 
sulphuric acid was determined by the Salkowski method and the ethereal 
sulphates by Baumann's method. The ratio of one to the other was not 
affected by fractional nutrition. 

Strauss and Philippsohn found that the administration of lactose 
caused a very marked reduction in the excretion of ethereal sulphates. 

Poehl, Biernacki, Hirschler and Winternitz obtained the same result 
by modifying the diet and giving only carbohydrates. Cohendy and 
also Leva found a lessened excretion of ethereal sulphates after the ad- 
ministration of lactic acid bacilli. Hester showed that partaking of 
high or tainted foods greatly increased the proportion of the urinary 
ethereal sulphates. Hoppe-Seyler found that a vegetarian diet dimin- 
ished the ethereal sulphates of the urine, and Strauss observed a decrease 
of more than one-half by adding 100 grm. lactose to the diet. Biernacki, 
Matteoda, and Winternitz noted a decrease in the urinary ethereal 
sulphate with a milk diet ; Poehl showed that sour milk diminished the 
amount of urinary ethereal sulphates. 

Bovighi and Embden found a decreased excretion in the ethereal 
sulphates by the use of kefir, and Bothmann, Gottwald and Krauss 
and Hirschler found a decreased excretion with a farinaceous diet. 

Investigations reported by Hawk indicated that the drinking of copi- 
ous (1000 c.c.) or moderate (500 c.c.) volumes of water with meals de- 
creased intestinal putrefaction as measured by the urinary indican out- 
put, and that copious water drinking caused a more pronounced lessen- 
ing of the putrefactive processes than did moderate water drinking. 
Softened water was employed in the experiments in question. 

Combe states that the normal excretion of ethereal sulphates in an 
adult is 0.1 to 0.15 grams per diem. This amount may be increased by 
a meat diet, hypochlorhydria, continued use of sodium bicarbonate, 
jaundice, and constipation (Baar). The amount of ethereal sulphates 
may be reduced by vegetarian diet, lactose, milk-diet, sour-milk, farina- 
ceous diet, diarrhea, and the internal use of hydrochloric acid. 

Metsehnikoff and Tissier found that the use of certain milk bacilli 
(bacillus of Massol) decreased the ethereal sulphates in the urine. Simi- 
lar results were obtained by Dunn (with buttermilk), Gaillard, Fournier 
(who used lactic acid ferment). Baar, however, could not confirm these 
findings. 

Labbe and Vitry concluded that it was possible to establish a definite 
relationship between the variety of in jested albumin and the ethereal 
sulphates. They found that: 

1 gram of bread protein yielded 0.00355 grams ethereal sulphate. 
1 gram of egg protein yielded 0.00289 grams ethereal sulphate. 
1 gram of meat protein yielded 0.00236 grams ethereal sulphate. 
1 gram of milk protein yielded 0.00200 grams ethereal sulphate. 
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Upon feeding dogs with fat, Nasse found an increase in the ethereal 
sulphates, but as Magrangeas points out, Nasse does not say whether 
the fat was pure or contained some protein. Backmann found that the 
feeding of butter and cream did not influence the excretion of the ethereal 
sulphates. 

Labbe and Vitry found no effect on the ethereal sulphates of the 
feeding of fats. 

Hoppe-Seyler and Krause found that the feeding of carbohydrates 
reduced the output of ethereal sulphates in the urine. Eisenstadt ob- 
tained similar results. 

Adrian found that fractional feeding did not influence the excre- 
tion of ethereal sulphates in the urine. 

Schumann found that a dry diet increased the excretion of ethereal 
sulphates in the urine. 

Wereschagin experimented on ten healthy young men to see the effect 
of the feeding of glucose on intestinal decomposition of protein. He 
found that there was a marked reduction of the ethereal sulphates in the 
urine, and an increase of the neutral sulphur. 

Barteschevitch found that during constipation there was a marked 
increase in the urinary ethereal sulphates. He found 

During diarrhea — ethereal sulphates 0.269 grams 

During constipation — ethereal sulphates 0.497 grams 

Combe obtained similar results. Hoppe-Seyler found that in simple con- 
stipation there was no increase in the urinary ethereal sulphates. Pfun- 
gen, on the other hand, found an increased excretion of ethereal sulphates 
during intestinal stagnation. Magrangeas concludes: ''Constipation 
does not seem to have any direct influence whatever upon the elimination 
of sulpho-ethers." 

Bunge and many others have found the ethereal sulphates of the 
urine increased four times with a meat diet. Stadelmann showed that 
the prolonged administration of sodium bicarbonate increased the uri- 
nary ethereal sulphates, and Wasbutzki noted that in all gastric condi- 
tions with hypo-acidity there was a considerable increase in the ethereal 
sulphates in the urine. 

Biernacki, Stadelmann, Kast, Jaweil, Schmitz and others found that 
the administration of hydrochloric acid lessened the quantity of ethereal 
sulphates in the urine. I. Strauss contradicted these results. Von 
Noorden stated that hyperacidity and subacidity of the stomach had no 
effect on the output of ethereal sulphates. 

In diseases of the gastro-intestinal tract, like typhoid fever and 
cholera, Bouchard reported increased amounts of ethereal sulphates in 
the urine. 

Simon stated that simple constipation was seldom accompanied by 
indicanuria. Jones, Haughton and others obtained similar results. 

Von Moraczewski found that feeding of thyroid tissue caused an 
increase in the elimination of indican. Fever has similar effects. 

De Lacrousville remarked that as long as the kidneys functionated 
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normally and excreted indican and ethereal sulphates, there was no 
danger of auto-intoxication, which was due to excess of indican in the 
blood. 

Haughton, Williams, MacKee, Darenberg, Perroy and others have 
found increased blood-pressure and albuminuria as accompanying factors 
of indicanuria. 

Baar found the following positive indican reaction in men and 
women : 

Men (975) Women (1117) 

Indican Positive Indican Negative Indican Positive Indican Negative 
1930 1759 2224 2187 

No tests have been devised as yet to determine the functional capacity 
of the various portions of the small intestine and colon. 
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CHAPTER II 
PANCREATIC FUNCTION TESTS 

AnalysiB of duodenal contents^ p. 52 — ^Analysis of reg^urgitated dao- 
denal contents by examination of the stomach contents, p. 57— > 
Analysis of feces, p. 59— Analysis of the urine, p. 83 — ^Loewi's 
adrenalin test, p. 88--Carbobydrate tests, p. 90. 

Sladden classifies the tests of pancreatic sufficiency under two maiu 
headings, with a number of subdivisions, thus: 

I. Tests of external secretion, dependent upon abnormalities in 

the ferments of the pancreatic juice. 
!• Oil test-breakfast. 
2. Duodenal intubation. 
8. Sahli's glutoid capsule test. 

4. Tests of nucleoprotein digestion (Schmidt, Kashiwado, 

Franzig) . 

5. Azotorrhea. 

6. Creatorrhea. 

7. Tests for tryptic power of feces (Mliiller and Schlecht, 

Gross). 

8. Steatorrhea. 

9. Analysis of fat in feces. 

10. Tests for lipolytic power of feces. 

11. Von Ehrmann's palmin test-meal. 

12. Test for diastatic power of duodenal contents. 

13. Test for diastatic power of feces. 

14. Estimation of lecithin in feces. 

15. Effect of administration of pancreatic preparations. 

II. Tests dependent upon other functions of the pancreas. 

1. The simpler characteristics of the urine. 

2. Ferments in the urine — diastase. 

3. Pentose derivatives in the urine — Cammidge. 

4. Glycosuria — actual or potential. 

5. Loewi's adrenalin mydriasis test. 

While this classification is quite a suitable, if cumbrous one, we shall 
discuss the tests of pancreatic function under the following headings: 

1. Analysis of duodenal contents. 

2. Analysis of gastric contents after various test-meals. 

3. Analysis of feces. 
4 Analysis of urine. 
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Aat^nrif of Duodenal Contento. — Einhorn has devised a tube 
whereby it is quite feasible to obtain the dnodenal contents for analysis. 
Usoallj no difficulty is encountered in the insertion of the Einhorn 
duodenal tube (Fig, 8). The patient is given a cup of tea with sugar 
to drink on a fasting stomach. Forty-five minutes later the duodenal 
pump is inserted^ and after the tube has reached the duodenum, the 
contents are pumped out and analyzed. The insertion of the tube is ac- 
complished in the following manner: The capsule of the duodenal 
pump, as well as the lower part of the duodenal pump, is moistened with 
warm water and put into the pharynx of the patient. Then the latter 
drinks mme water and the instrument thus soon passes into the stomach. 
To be certain that the capsule has not become stuck in the esophagus, 




Via. 8. — The Duodenal Pump. 

A, ttmitti t'.nimuUi, lower half provided with numerous holes, the upper half com- 
fritifii/'ittifitf with iu)HS II. I, U, III, marks showing distance from capsule: 1 = 40, 
M rttt, tit :.^ 70 cm, (', rubber band with silk attached to end of tubing, which 
*'Htt >i#T itlat'M ovvr th4i ear of patient. D, three-way stopcock. E, collapsible con- 
riA^'fifiK fiiU;. K, AHpiratiriK syrinKc. (Kinhom.) 

it m will to hiiv<j i\ui piiticnt Hhakc his abdomen and to aspirate a syringe- 
fiil of chyrrii*. Thin can eiiMily bo identified as gastric contents. Now 
fi Hyr\uu*'(\t\ of wntvr and then one of air are passed through the instru- 
wt'id. TUt' ruhhvr ttibo in then clamped off and left alone for about one 
hour, Tiw |)fiti<'rit \h tohl not to close his mouth too tightly, so that 
fh*' Uiiit* In not rvitlr^Uu\ in ItH wanderings. The patient must also avoid 
)iilvidiniin\ /iwnllowirig of ihv. tube. Through the peristalsis of the stom- 
M/'h fh<' r»|iniib« 'm |HiNh<*(| on faKhor, and usually passes through the 
fivloriiii Into \\w iliioilrnuni and Inter into the beginning of the small 
Mihnfloit. If \^ \wh\. Mint \\w pati<*nt read some light literature in order 
Iti iWvi^rl hU nth'ntlon. After one hour the distance that the capsule 
hMM |»M»t/ir>jttiMl U «'Xiiminr(l. If tlie eapHulo is in the duodenum, a clear, 
j</<l/bh y'llovv, or WHiery lli(ui(l of alkaline reaction and somewhat viscid 
/onoiiilitni'v )n trrneriilly obtnincMl. If, however, the capsule is in the 
Ml/rMffH<li, fiM tu'Ul \\i\mi\ rrH(Mni)ling the one first obtained is removed. 

II Im tiom^llMM'M neeeMMitry to adminlNter a dose of atropin to relax 
tb'. i»vlonin nnd (lermit the iluo(|(>iial tube to pass through the sphincter. 

T\ih eifMleotti wltlMlriiwn are aHHUined to be duodenal contents if: (1) 
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a roentgenogram shows the tube in situ in the duodenum; or (2) if 
upon slowly withdrawing the tube while aspirating, a distinct differ- 
ence is noted between the contents obtained at the point marked 80 cm. 
and the contents withdrawn after the metallic capsule is felt suddenly 
to enter the larger cavity of the stomach (56 cm.). When the capsule 
lies in the duodenum, one obtains in the course of five minutes 10 to 40 c.c. 
of golden-yellow fluid. This material enters the aspirating syringe drop 
by drop, or rhythmically, every 20 to 30 seconds, with a rapid gush 
of 1 to 2 c.c. of material. This latter phenomenon is probably due 
to a peristaltic acceleration of the secretions entering the duodenum 
at the moment and to the periodic expulsion of gastric juice (Crohn). 

The contents of the duodenum are analyzed for amylase, lipase, and 
alkali protease (trypsin). The following methods are used: 

Amylase. — In every one of several test-tubes is placed one c.c. of 
the fluid to be tested. Increasing amounts, from 0.5 to 6.0 c.c. of 1 per 
cent, starch solution (Kahlbaum's soluble starch) are added to the suc- 
cessive test-tubes, and then water to bring the volume up to 10 c.c. 
Incubation proceeds at 40° C. for one hour. The material is then 
tested by adding Lugol 's solution drop by drop until the excess of iodin 
is apparent. The last tube in the series which fails to react for starch 
is 'the tube from which the reading is taken. The number of c.c. of 
starch solution in this test-tube multiplied by the dilution (three) gives 
the factor accepted as representing the amylolytic activity of 1 c.c. 
of duodenal contents. 

Lipase. — To 10 c.c. of distilled water are added 1 c.c. of duodenal 
juice, 1 c.c. of ethyl butyrate, 1 c.c. of toluol, and a drop of 1 per cent, 
alcoholic solution of phenolphthalein, the whole is then made exactly 
neutral with N/10 NaOH and the total amount of fluid brought up to 
25 c.c. After stoppering, the flask is shaken forcefully for about fifteen 
seconds and again brought to the exact neutral point. A control test 
is always prepared, the duodenal juice of the control being boiled 
actively for five minutes before addition to the flask. After incubation 
for 24 hours at 40° C. the two flasks are titrated for free acid in the 
test-flask. .The result multiplied by three (the dilution of the duodenal 
juice) denotes the lipolytic strength of the test-material. 

Protease (Trypsin), — To test for alkali-protease, ^lett tubes, coagu- 
lated egg-albumen cubes, Fermi gelatin tubes, and casein are utilized. 
The Gross-Fuld casein method is carried out as follows: 

This method is based upon the principle that faintly alkaline solu- 
tions of casein are precipitated upon the addition of dilute (1 per 
cent.) acetic acid, whereas its digestion products are not so precipitated. 
The method follows: Prepare a series of tubes each containing 10 c.c. 
of a 0.1 per cent, solution of pure, fat-free casein which has been 
heated to a temperature of 40° C. Add to the contents of the series 
of tubes increasing amounts of trypsin solution under examination, and 
place them at 40° C. for fifteen minutes. At the end of this time remove 
the tubes and acidify the contents of each with a few drops of dilute 
acetic acid. The tubes in which the casein is completely digested will 
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remain clear when acidified, while those tnbes whidi eontain nndi- 
goRtod casein will become more or less tnrbid under these conditioxis. 
S(»l(»ct the first tube in the series which exhibits no turbidity upon 
acidification, thus indicating complete digestion of the casein, and cal- 
culate the tryptio activity of the duodenal contents. 

The unit of tryptic activity is an expression of the power of 1 cc. 
of the duodenal contents exerted for a jieriod of fifteen minntes on 
10 CO, of a 0.1 per cent, casein solution. 

From his study of the pancreatic function as measured by examina- 
tion of the duoiional contents* Crohn came to the following condusioos: 

The quantitative examination of the duodenal ferments is the most 
rational and accurate method of studying the external secretion of the 
punon^as. Diminution of such enzyme activity of the pancreas is a 
reliable sign of organic disiease of the gland. Occasionally, though 
nm»l^v, a diminution of ferments oc^curs as a symptom of advanced or- 
ganic dis^^se el:^where in the body. Roughly the diminutioD of fier- 
monts is directly pnc^portional to the extent of organic de§tniet]0a 
wl\icli has taken place. The absorption of fat and nitrogen from the 
intestine is independent of the condition of the external secretioa of 
tl\e (Mincreas^ or even of its presence. Absorption may be poor with 
an intact glands or good with a gland of which only a fragment sor- 
viv^ the di^Nii$e, The funetioDal activity of the giand. not its 
c\M\diliou« determines the degree of abi»>rption: this is probably 
tr^Jlcii by an internal secretion, or horm&m^, Docdenal feraent tests 
gi\^ the index of the organic coodition of the pancreas. AfasoirpcsHi 
tt^t« giw the inilex of the functional activity of the gLand. 

Frank succee^lcd in obtaining duodezsal contents in *> per cest. of 
the i>erssi>n$ he exaniii^xl. The cftses w>He cfaot>en at rasdoa aad snf- 
ferxnl no ^viiiKroatie di^^ise. Exar=irat5en of tie dT»i*saI cocress ia 
aU thf^^!^ instaw>«i sfcow^pd a«ive alkali prv:e*se. Tte ocber feraens 
x^t^r^^ not in>\^:^^evi. Tfce irArC::y of Fra^ to oc-caLs. tse -iTd^iaial 
material dt^irwi in -k^ per of n:. of b2> assays k pr:CAKy ^rae t© tac sMct 
a tin^e bei^v? ar^owoi? for tie raecalI5kf capt§:;::je to e=.ter tb* -iiMSesxiL 
Thk >^'a^ obvia:ov: ir, i>^>.r*s >erift> cf c^fsies ^y ptasirac zht rasip rx 
the i^N-eniiwr ax^a alj^^wirar •^e e-:ire zi£*t re ^lir*?e te^f::jc* KTcraiznr 
the de^j^irvs? ^'^:er*a,. Kvvr rrtfc: zarr* •iir cc* atr^Harc i 5i:im«cznis 
Tvs^nitwi Wfwrv :«xv)«55 i? a:tairw%L Tie pr'.-eec'ire is a niji «» aaii 

the ^V^^^x??^",^*^, ^jV^TT.ri Ir .^-ir^^r t^^ *5cer:aizi tie ^--iuiirj-'c: :f tie imoaul 
iNN^^it^^*,:'^ ir, >5i>A>:K :SfV;^n1 arotfJKrrV rer?:ft!clr«- i*t2tiT 7«£?srixs w»pe 
c\*^v,^>i>,^, xfc^.t'h rf^f;5. T,' tt»f 5C:tt^ .rif tiecr ruurratS!^ ieer«cirii. Jbqr 

,N V V. >*"::>. A riJ*s?.tx1 r:t wtt*r ^*rr ti**a s^jecc. rjse at > jl x. <?Ti? 
iV;)o<? Al y.i:^ ,*i^*>f -ir. t^;r ^fcsrlisi: .•vrp-rnrir it f jl a:^ witsr ^i* rnuBsuL 
A^>^^ry.?s >*Y'TT oSta;7«*.^ Tiw i-mrixxt :f f*CTTifa:^ rr unrmtZ :mr!T3di2fti!s 
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N/10 HCl (using methyl orange as an indicator) varied between 15 and 
40. The rennet ferment was present in all. In looking over the results ob- 
tained by these examinations there exists a noticeable independence 
among the three different ferments with regard to the quantity in the 
same individual — one ferment may be present in large amounts, while 
the other two may be present in small amounts or may be altogether 
absent. The quantity of one ferment does not justify assuming that 
an equivalent quantity of another ferment is also present. It is thus 
necessary to test for each of the other two ferments separately. 

Landau and Reasnicki also strongly advised that the duodenal con- 
tents be analyzed for the three enzymes. The results that they ob- 
tained were very favorable. 

According to Chase and Myers, whose results in general corroborated 
those of Einhom and his co-workers, the acidity of the gastric juice ap- 
pears to be without influence upon the activity of the enzymes present in 
the duodenal juice. In a case of carcinoma of the gall-ducts and pylorus 
with biliary obstruction, there was an entire absence of bile from the 
duodenal juice. In a case of chronic pancreatitis, the amylolytic and 
proteolytic activity was entirely negative, while the lipolytic activity 
was comparatively weak. The absence of pancreatic enzymes from the 
duodenal juice would appear to be positive evidence of either pancreati- 
tis or non-patency of the pancreatic ducts, while the lack of bile would 
appear to afford similar evidence of the occlusion of the common bile- 
duct. 

White used the duodenal tube in 90 cases: 56 for diagnosis and 34 
for treatment. The results that he obtained were very encouraging. 

In our experience the examination of the duodenal contents for pan- 
creatic enzymes has yielded very valuable information. The test-fluid 
can be easily obtained, and the analytical methods are extremely simple, 
so that clinicians should devote more attention to this source of informa- 
tion regarding pancreatic suflBciency and the condition of the duodenal 
contents. 

It must be remembered, however, that the ptyalin of the saliva may 
yield results simulating pancreatic amylase, that the pepsin of the stom- 
ach and the erepsin of the small intestines may hide the absence of 
tr3rpsin, and that gastric lipase may be present and disguise the absence 
of pancreatic steapsin. If proper precautions are taken, however, these 
diflSculties may be overcome. 

The accompanying table taken from Crohn's work will show the 
results he obtained upon analyses of the duodenal contents and stools 
in a series of cases (Table 1). 

Of six cases of pancreatic disease studied by Einhorn, four showed 
absence of one or two ferments in the duodenal contents. In two cases 
of tumor of the pancreas the ferments were present. Cloudy turbid bile 
indicates gall-bladder or duct disease (Einhom). 

Sladden has the following criticism for this method of pancreatic 
study: **From the standpoint of the practical clinician, the method is 
open to serious objections; patients do not appreciate spending the 
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Table 1. — Analysis or 



Amount 



I 



Reaction 



B'He 



Case I 
Case II 
Case III* 
CaaelV* 
Case V 

Case VI 

Case Vn 
Case Vm* 

Case IX* 



CaseX 
Case XI 

Case XII 
CaseXUI 
Case XIV 

Case XV 
Case XVI 
Case XVII* 
Case XVIII 

Case XIX 
Case XX 
Case XXI 

Case XXII 
Case XXIII 

Case XXIV 

Case XXV* 
Case XXVI* 

Case XXVII 



Cholelithiasis 

Cholelithiasis 

Cholelithiasis ; 

Cholelithiasis 

Cholelithiasis (before operation) 

Acute pancreatitis 



Obstructive jaundice, new growth.. . 
Obstructive jaundice, stricture 



Obstructive jaimdice (a). 
Duodenal sarcoma (&)... 



Hypertrophic cirrhosis of liver, 
Hypertrophic cirrhosis of liver . 



Duodenal ulcer. 
Gastric neurosis, 
Gastric neurosis. 



Duodenal ulcer 

Duodenal ulcer, hour-glass 

Carcinoma of stomach 

Achylia gastrica simplex 



Diabetes (juvenile) 

Diabetes 

Diabetes (syphilis). 



Diabetes 

Diabetes, Milk diet 

Fuller diet 

Diabetes, Chronic pancreatitis (?) . . 

Retroperitoneal Hodgkin's disease. . 
Abdominal sarcoma 



Chronic colitis 



7 c. c. 
15 c. c. 
35 c. c. 
10 c. c. 
27 c. c. 

10 c. c. 

12 c. c. 
10 c. c. 

10 c. c. 
5 c. c. 

25 c. c. 
50 c. c. 

20 c. c. 

8 c. c. 

15 c. c. 

3.5 c. c. 

7 c. c. 

4 c. c. 

25 c. c. 

9 c. c. 
15 c. c. 

3.5 c. c. 



25 c. c. 
3 c. c. 

40 c. c. 
12 c. c. 



Acid 
Acid 
Acid 
Neutral 
Acid 

Acid 

Neutral 
Acid 

Acid 
Acid 

Neutral 
Acid 

Acid 

Alkaline 

Acid 

Acid 

Alkaline 

Acid 

Acid 

Acid 
Acid 
Acid 

Acid 

Acid 

Acid 

Alkaline 

Acid 
Neutral 



Group A 



Group B 

Group C 





Group D 

Group E 



Group F 



+ 



Group G 



Group H 



* Diagnosis confirmed by operation or autopsy (Crohn). 

night, or even a few hours with a tube down the esophagus, nor does 
the risk of injury to the stomach or the duodenum, where ulceration 
already exists, seem entirely remote.'' In our experience, however, pa- 
tients do not object very strenuously to this method, and we have had 
no accidents that would point to any danger arising from the intu- 
bation. 

A method has been devised for the simultaneous fractional analysis 
of the gastric and duodenal contents. {See p. 25.) We have found 
the height of pancreatic activity to be two hours after the Ewald test- 
meal in normal individuals. With an ulceration of the duodenum, the 
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DnoDBNAL Contents (Crohn). 



Duodenal Contents 



Stool 



Amylase 


Lipase 


10 c. c. 





12 c. c. 


6.3 


30 c. c. 


10.0 


24c.c. 


3.6 





. 





1.8 


4 


2.4 


30 


9 





0.5 


4 


3.4 


27 


.^ 


15 


1.0 


20 


^mmm 


+ 











++ + 







2.4 


9 


5.4 


3 


8.4 


6 


4.5 


9 


12.6 


30 


2.7 


1.6 


6.0 


^^) 





(6) 


(0.6) 


1.6 


1.2 





5.6 


4 


3.3 





0.6 



Casein 



1 to 6800 
1 to 120001 
Ito 1000 
1 to 18000 
Ito 6000 



Ito 4000 
Ito 4000 


Ito 600 

Ito 18000 
Ito 4000 

Ito 6000 

+ + 

+ 

+ + 
Ito 1400 


Ito 4000 

+ + + 
Ito 4000 
Ito 6000 

Ito 4000 

Ito 34 

Ito 4000 

1 to 600 



Fermi 



1 to 
Ito 



4000 
600 



Ito 12000 



3 
10 
10 



7 
1 



10 
3 




Mett 



Cubes 




2 



0.6 











+ 




0.5 

2 





1 
1 

1 
1.6 



+ 



+ 



+ 



Rennet 
Neg. 



+ 
+ 

+ + 



Amylase 




10 




2 

8 



+ + 

(1.0) 

(6.0) 



6.0 

1 
8 



2.5 
10 



Lipase 



0.1 
0.26 



0.2 
0.3 






1.6 



1.5 




0.1 




0.4 



0.16 



Casein 



Ito 700 
Ito 60000 



Fenni 




Ito 200 

1 to 3000 



Ito 6000 
Ito 6000 







Ito 30000 



Ito 700 



Ito 125 



Ito 1700 











maximum activity of the enzymes may be reached after three hours. 
In cases of reflex irritation due to appendicitis, gall-stones, etc., the 
curve of pancreatic digestion seems to be influenced to this extent — 
that there is a secondary rise in the amount of pancreatic digestion, 
after a fall which may last three-quarters of an hour. 

Analysis of Begurgitated Duodenal Contents by Examination of 
the Stomach Contents. — Spencer, Meyer, Rehfuss and Hawk reported 
a study of the duodenal regurgitation in the normal human stomach. 
They employed fractional removal of the gastric contents by means of 
the Rehfuss tube. The experiments were all carried out on normal in- 
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dividuals whose last meal was that of the previous evening. The pres- 
ence of bile and trypsin was used in determining whether regurgitation 
of duodenal contents had occurred. The authors found that trypsin 
is almost constantly demonstrable in the fasting and digesting contents 
of the normal human subject. The authors incline to the view that 
the human pylorus is controlled from the duodenum, acid fluid keeping 
the pylorus closed until the fluid in the duodenum is neutralized. 

Landau and Reasnicki found that the detection of trypsin in the 
stomach contents is more readily accomplished in the presence of a low 
degree of acidity. For clinical purposes only positive results are of 
value. If trypsin cannot be demonstrated in the stomach contents it 
does not by any means indicate that the external secretion of the 
pancreas is pathologically altered. In such cases direct intubation of 
the duodenum becomes necessary. The examination of the gastric 
contents for diastase in order to diagnose pancreatic disease or to prove 
a regurgitation of the duodenal contents is of no clinical value what- 
ever (Landau and Reasnicki). 

1. Ehrmann's Test. — Based upon the fact that neutral fat, free 
from fatty acid, is split up by the lipase from the pancreas, the result- 
ing acid forming green salts with copper, Ehrmann devised a color 
reaction which will enable one to determine the functional activity of 
the pancreas. Commercial palmin has proved to be the most suitable 
neutral fat. Other fats, such as butter and oil, cannot be used. Emulsi- 
fied fat in the form of milk or cream is also unsuitable, since it may 
be hydrolyzed by ferments other than pancreatic, although the butyric 
acid odor noted after the removal of these foods from the stomach is 
due chiefly to the action of pancreatic enzyme. The patient takes the 
following test-breakfast on the fasting stomach: About 30 grams of 
ordinary rice starch are dissolved in about one-fourth of a liter of 
water, and warmed somewhat. In this solution about 57 grams of 
palmin are stirred; the palmin is dissolved by heating. The mixture 
is drunk from a glass, and is allowed to remain in the stomach from 
two to two and one-half hours, when it is removed by means of a 
stomach-tube. In testing the gastric contents two solutions are required ; 
Solution I, petroleum ether 90, benzol 10 ; Solution II, cupric acetate 3, 
distilled water to 100. A portion of the fatty gastric contents is 
shaken vigorously with an equal quantity of Solution I. The ether 
layer, after separation, is poured into a second test-tube, and is then 
shaken with an equal volume of Solution II. The ether which again 
separates is stained more or less intensely emerald-green, depending 
upon the concentration of fatty acids in the gastric contents. With 
no hydrolysis of the palmin, the ether remains water-clear. If the 
gastric contents are very acid, the reaction may be weak or may fail 
even with normal pancreatic secretion. In such a case it is advisable 
to repeat the test-breakfast, adding to it a teaspoonful of sodium bicar- 
bonate. 

2. BoLDYREPP-VoLHARD OiL Test-breakpast. — -Pavloff and Boldy- 
reff had found that the administration of oil on an empty stomach causes 
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a regurgitation of the duodenal contents through the pylorus. About 
200 or 250 e.c. of olive oil or cream are administered on a fasting stom- 
ach, and in from thirty to forty-five minutes the stomach contents, which 
have been rendered less acid by administration of milk of magnesia (as 
suggested by Lewinski), are removed and the tryptic activity ascertained. 

Frank regards the test as valuable to prove complete achylia pancre- 
atica, or if a series of tests be made on one patient, to gain useful 
information as to the tryptic function of the pancreas. In von Ehr- 
mann's case (1910) of chronic pancreatitis the oil test-breakfast was 
successful, and Mahlenburg, too, favored this method and rarely failed 
to find trypsin unless there was complete absence of pancreatic juice. 
A full account of this subject was given by Michailow in 1912, who 
collected 450 cases, in nearly 400 of which trypsin was found in the 
gastric contents after the test-meal. His analyses of the cases where 
trypsin was absent are not altogether convincing as evidence for the 
value of the test for diagnosis. 

The possibility of failure to regurgitate is always present. Michailow 
insists that it is important for the patient not to retch, no easy thing 
to secure after swallowing about five ounces of olive oil neat (Sladden). 

Analysis of Feces. — 1. Analysis op Feces for Pancreatic En- 
zymes. — Trypsin. — The fact that the feces normally contain traces of a 
proteolytic ferment was shown by Leo, Baginsky, Schmidt and others, 
while Hemmeter proved that it was trypsin, and not pepsin, since it 
digests fibrin in an alkaline or neutral, not an acid, medium. The experi- 
ments of Frank and Schittenhelm with fecal extracts passed through 
a porcelain filter have shown that the proteolytic action of the feces 
is not dependent upon the presence of bacteria. The earlier experi- 
ments were carried out with fibrin, or Mett's tubes filled with white 
of egg or blood-serum, and it was not until Miiller showed that drops 
of the fluid feces obtained by the administration of a purgative, such 
as calomel, or an emulsion of formed stool with glycerin, placed on 
a serum plate containing dextrose broth (LoflSer), and incubated at 
50° to 60° C, gave, under normal conditions, pits due to the digestion 
of the solid serum, that the examination of the stools for trypsin as a 
diagnostic measure began to attract much attention. If the pancreas is 
functionating normally, evidences of digestive changes in the serum 
plate should be obvious in about half an hour. If no change has 
taken place in twenty-four hours, it may be concluded that there is 
pancreatic insufficiency. This method has, however, inherent difficul- 
ties which militate against its general use, and the test devised by Gross, 
or one of its modifications, is now more frequently employed. 

While some observers have failed to find trypsin in meconium by 
these methods, others state that it is usually present. There can be 
no doubt, however, that it quickly makes its appearance, and may usu- 
ally be detected within a short time after birth. In normal persons the 
tryptic activity of the feces is uninfluenced by the diet or by a diminu- 
tion in the acidity of the gastric juice by the administration of large 
doses of sodium bicarbonate (Schlecht). It is increased in diarrhea 
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and in conditions which stimulate peristalsis, thus hindering the ab- 
sorption and destruction of the ferment. Constipation, on the other 
hand, diminishes the quantity of trypsin in the stools. 

Schlecht states that he obtained only a feeble reaction in several 
cases of carcinoma of the stomach in which there was no mechanical 
obstruction of the pancreatic ducts, and explains this result by suggest- 
ing that a diminished activity of the pancreas was produced by the 
gastric disease or by the associated cachexia. In a case of poisoning 
by corrosive sublimate, with markedly bloody stools, no proteolytic action 
could be obtained with the feces owing to the antiferment present in 
the blood-serum. In the experience of most observers, a negative result 
is most constantly obtained in cases of cancer of the head of the pancreas, 
and it is therefore an exceedingly useful test in the diagnosis of that 
disease. Cirrhosis of the pancreas and obstruction of the duct by gall- 
stones, etc., interfere more or less with the digestion of proteins by 
extracts of the feces, but rarely give rise to such very striking results 
as are seen in cases of growth in the head of the pancreas. 

Crohn thus discusses the identity of the proteolytic ferments of the 
duodenal contents and of the stool : 

**To return to a consideration of the alkali-protease found in duo- 
denal content, one must consider that we are dealing with two ferments, 
trypsin and erepsin. Srepsin originates from two sources, the duodenal 
mucosa (Cohnheim) and from the pancreas (Bayliss and Starling). 
Schaflfer and Terroine, experimenting with the excretion of an arti- 
ficial pancreatic fistula in the dog, showed that in fluid in which 
trjrpsinogen was present but not activated by enterokinase, an ereptic 
ferment with peptone-splitting properties was still present. Of the 
test for alkali-protease, neither the Mfett tubes nor the coagulated egg- 
albumen cubes are attacked by erepsin ; nor are the Fermi gelatin tubes 
digested by erepsin. To establish this latter point, three fresh extracts 
of duodenal mucous membranes containing active erepsin (one cat, one 
dog, and one human intestine) were prepared after the method of Cohn- 
heim. None of these extracts liquefied gelatin even after three days. 

** These same extracts in their most concentrated form were tested 
for the casein-digesting power of the intestinal mucosa. That the diges- 
tive power of these intestinal extracts is only a very slight fraction of 
the same power of the pancreatic secretion is seen by a comparison of 
the results obtained. Thus cat mucosa extract in dilution of 1 to 15, 
dog mucosa extract 1 to 140, human mucosa extract 1 to 10 digested 
10 c.c. of 0.1 per cent, casein solution; normal human duodenal con- 
tents containing pancreatic secretion digests the same amount of casein 
in dilution up to 1 to 10,000. It seems, therefore, fair to deduce that 
the amount of erepsin present both in the mucous membrane of the 
duodenum and in the pancreatic secretion could not account for the 
active proteolysis of casein as found in duodenal contents. Hence, we 
seem justified in assuming that the pancreatic trypsin is the active 
factor here and erepsin, while unquestionably present, yet of little mo- 
ment in the tests, as carried out. 
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''A similar process of reasoning seems justified in discussing the 
results of the stool examinations; for, if the concentrated extract of 
normal duodenal mucosa digests casein in dilution of only 1 to 10, 
how can we explain the proteolysis of casein in dilutions of the stool 
up to 1 to 10,000 or 1 to 20,000, as frequently found, except on the 
hypothesis 'that it is the much more powerful pancreatic trypsin that 
is appearing in the stool." 

Frank and Schittenhelm, by means of complicated polypeptic split- 
ting experiments, seem to demonstrate that the protease present in the 
stool is erepsin, rather than trypsin. It is difficult to harmonize their 
findings with such simple facts as the above. The occasional finding 
of a ferment in the stool which liquefies gelatin, would tend to confirm 
the impression that this ferment derives its origin from the pancreas. 
That bacteria do not stimulate the results of the human ferments 
seems established by the fact that a case in which the pancreatic ducts 
have been proved to be closed gave complete negative results in both 
duodenal and stool analyses. 

Trypsin is demonstrated in the stools by the following methods: 

(a) The Serum-plate Method, — Miiller and Schlect found that trypsin 
would act upon the surface of a serum agar plate, producing small 
depressions. They demonstrated by this method the regular occurrence 
of trypsin in normal feces. The plates were kept at a temperature of 
50° or 60° C, so that bacterial action was prevented. In several cases 
of primary and secondary disease of the pancreas trypsin was absent 
from the feces or greatly diminished. A number of investigators have 
found this method of value. It yielded positive results in 5 out of 6 
cases of pancreatic disease examined by Hirschberg. 

(ft) The Casein Method, — Casein in alkaline solution is precipitated 
by acidifying with dilute acetic acid. When the casein is digested by 
trypsin the addition of acetic acid produces no clouding of the solution. 
This is the basis of a method introduced by Gross for detecting the 
presence of trypsin. More than 200 stools were examined by him, and 
in all cases in which disease of the pancreas could be excluded a protein- 
splitting ferment was present in the feces. Brugsch and Masuda have 
concluded from their investigations that the strong splitting of casein 
produced by fecal extracts cannot be attributed to erepsin. Spooner 
and Pratt, in a recent case of cancer of the pancreas, found that the 
power of the feces to digest casein was entirely lost. In a case of 
fatty diarrhea, probably due to pancreatic hypochylia, the amount of 
trypsin in the feces was greatly reduced. In this case the cell-nuclei 
were not digested in the Schmidt's beef cubes, and after administra- 
tion of Sahli's glutoid capsules no reaction was obtained in the urine 
even at the end of twenty-four hours. 

Gray and Pickman studied pancreatic ferments in cases of pulmonary 
tuberculosis. Trypsin and amylopsin were determined in the stools 
in a series of nearly one hundred cases of tuberculosis and it was found 
that the pancreatic secretion was seriously reduced by the toxins of 
tuberculosis. Rest, either in bed or by means of pneumothorax, reduced 
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the formation of toxins and permitted the pancreatic ferments to re- 
turn toward normal. A persistently low trypsin index was found to be 
of bad prognostic significance, but low amylopsin readings were less 
unfavorable. The interpretation of the index must always take into 
consideration anorexia, overeating and diarrhea. 

Zuccola states that an examination of ferments in the* feces is a 
useful aid in the diagnosis of pancreatic efficiency when taken in 
conjunction with other methods. It is not absolute in its indications, 
nor does it yield results which can be regarded as quantitative. As 
with so many other tests of pancreatic activity, a positive outcome 
pointing to absence of trypsin has more value than a negative result, 
especially in view of possible interference from other proteolytic enzymes 
(Sladden). 

Amylase (Diastase). — The presence of diastase is shown by the 
digestive action that it has upon starch, using a solution of iodin as 
the indicator. 

The following is Robert and Strassburger^s method, as modified by 
(Joiffon and Tallarico: A 1-per cent, solution of starch is mixed with 
an equal part of 10-per cent, solution of the feces in thymol water, 
neutralized, filtered. The filtrate is placed in the incubator at 37° C, 
and at regular intervals a drop is brought in contact with a drop of 
iodin solution. When it ceases to give a blue color, the digestion of the 
starch is considered to be complete. The stool should be fresh, and 
there should not be the slightest admixture of urine. It is often enough 
merely to mix the stool and the starch solution in a test-tube, heat in 
a water-bath, and apply the iodin test. If an abundance of amylase 
is present the starch will be digested in about five minutes. 

Wohlgemuth has adopted the following quantitative method for de- 
termining the diastase in the stools. The fresh feces are well mixed, 
and five grams are thoroughly ground in a mortar with 20 c.c. of 1 per 
cent, solution of sodium chlorid, added a small quantity at a time. The 
emulsion is then left for half an hour at the room temperature, and fre- 
quently stirred meanwhile. It is now divided equally into two portions 
of 10 c.c. each, and is transferred to graduated centrifuge tubes, which 
are centrifugalized until all the solid material is collected at the bottom 
and stands at the same height in both tubes. The quantities of sedi- 
ment and supernatant fluid are noted. Nine test-tubes are now taken. 
Into the first three are placed 1.0 c.c, 0.5 c.c, 0.25 c.c. of undiluted ex- 
tract; into the next three, 1.0 c.c, 0.5 c.c, 0.25 c.c of an eight-fold dilu- 
tion of the original extract, made with 1 per cent, sodium chlorid ; and 
into the last three, 1.0 c.c, 0.5 c.c, 0.25 c.c of a sixty-four-fold dilution, 
BO that each tube contains half the fecal extract' of the preceding: 



1st tube . . . 


1.0 


6th tube . . . 


0.0312 


2nd tube ... 


1.5 


7th tube . . . 


0.0156 


3rd tube .... 


1.25 


8th tube . . . 


0.0078 


4th tube .... 


0.125 


9th tube . . . 


0.0039 


5th tube .... 


0.0625 


. 
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To each tube 5 c.c. of a 1 per cent, solution of starch are then added. 
The tubes are now plugged with wool, or closed with corks, and placed 
in the incubator at 38° C. for twenty-four hours. At the end of that 
time, they are filled, within a fingerbreadth of the brim, with cold dis- 
tilled water, one drop of a decinormal iodin solution is added to 
each, and the lowest dilution giving a blue reaction looked for. It is 
then assumed that the tube next lowest in order contains sufficient 
diastase to convert all the added starch, and from this the quantity of 
1 per cent, starch solution fermented by 1 c.c. of the fecal extract can be 
calculated. Knowing the proportion of solid residue liquid extract in 
the 5 grams of feces, the quantity of ferment corresponding to 1 c.c. 
of this residue can be determined, and from this the diastatic power of 
the total daily mass of feces can be determined. According to Wohlge- 
muth and Wynhausen, the average diastatic value of the feces lies be- 
tween 470 and 500. To obtain satisfactory results, the feces must be 
homogeneous and alkaline in reaction, as diastase does not act in an acid 
medium. It is advisable to place the patient on a simple mixed diet, 
calculated to stimulate the functions of the pancreas to normal activity, 
for a couple of days before the feces are collected for examination. 

Quantitative Determination of Fecal Amylase, — Hawk's Method, — 
Weigh accurately about 2 grams of fresh feces into a mortar, add 8 c.c. 
of a phosphate-chlorid solution (0.1 mol dihydrogen sodium phosphate 
and 0.2 mol disodium hydrogen phosphate per liter of 1 per cent, sodium 
chlorid), 2 c.c. at a time, rubbing the feces mixture to a homogeneous 
consistency after each addition of the extraction medium. Permit the 
mixture to stand at room temperature for a half-hour with frequent 
stirring. We now have a neutral fecal suspension. Transfer this sus- 
pension to a 15 c.c. graduated centrifuge tube, being sure to wash the 
mortar and pestle carefully with the phosphate-chlorid solution and add 
all washings to the suspension in the centrifuge tube. The suspension 
is now made up to the 15 c.c. mark with the phosphate-chlorid solution 
and centrifugated for a 15-minute period, or longer if necessary, to se- 
cure satisfactory sedimentation. At this point, read and record the 
height of the sediment column. Remove the supernatant liquid by means 
of a bent pipet, transfer it to a 50 c.c. volumetric flask and dilute it 
to the 50 c.c. mark with the phosphate-chlorid solution. Mix the fecal 
extract thoroughly by shaking and determine its amylolytic activity. 
For this purpose a series of six graduated tubes is prepared, containing 
volumes of the extract ranging from 2.5 c.c. to 0.078 c.c. Each of the 
intermediate tubes in this series will thus contain one-half as much 
fluid as the preceding tube. Now make the contents of each tube 2.5 c.c. 
by means of the phosphate-chlorid solution in order to secure a uniform 
electrolyte concentration. Introduce 5 c.c. of a 1 per cent, soluble starch 
solution and three drops of toluol into each tube, thoroughly mix the 
contents by shaking, close the tubes by means of stoppers and place 
them in an incubator at 38° C. for 24 hours. At the end of this time 
remove the tubes, fill each to within half an inch of the top with ice- 
water, add 1 drop of tenth-normal iodin solution, thoroughly mix the 
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contents and examine the tubes carefully with the aid of a strong light. 
Select the last tube in the series which shows entire absence of blue 
color, thus indicating that the starch has been completely transformed 
into dextrin and sugar, and calculate the amylolytic activity on the 
basis of this dilution. In case of indecision between two tubes, add an 
extra drop of the iodin solution and observe them again. 

The amylolytic value, Df , of a given stool, may be expressed in terms 
of 1 c.c. of the sediment obtained by centrifugation as above described. 
For example, if it is found that 0.31 c.c. of the phosphate-chlorid extract 
of the stool acting at 38° C. for 24 hours completely transformed the 
starch in 5 c.c. of a 1 per cent, starch solution, then we would have the 
following proportion: 

0.31 c.c. extract : 5 c.c. starch : : 1 c.c. extract : x 

The value of x in this case is 16.1, which means that 1 c.c. of the fecal 
extract possesses the power of completely digesting 16.1 c.c. of a 1 per 
cent, starch solution in 24 hours at 38° C. 

Inasmuch as stools vary so greatly as to water content, it is essential 
to an accurate comparison of stools that such comparison be made on 
the basis of the solid matter. Supposing, for example, that in the above 
determination we had 6.2 c.c. of sediment. Since the supernatant fluid 
was removed and made up to 50 c.c. before testing its amylolytic value, 
it is evident that 1 c.c. of this sediment is equivalent to 8.1 c.c. of extract. 
Therefore, in order to derive the amylolytic value of 1 c.c. of sediment, 
we must multiply the value (16.1) as obtained above for the extract, 
by 8.1. This yields 130.4 and enables us to express the activity as 
follows : 

Df^:= 130.4 

The above method of calculation is that suggested by Wohlgemuth. 
In case time and facilities permit of the determination of the moisture 
content of the feces, it is much more accurate and satisfactory to place 
the amylolytic values of the stools on a **gram of dry matter'' basis. 
The amylolytic values of the stools are expressed as the number of 
c.c. of 1 per cent, starch solution which the amylase content of 1 gram 
of dry feces is capable of digesting. 

Amylase was first demonstrated in the feces of infants by Weg- 
scheider. Later von Jaksch, Maro, AUaira, and others showed that the 
feces of children constantly contain it. It is found during the first week 
of life in abundance, and Pottevin proved that it is constantly present 
in meconium. The quantity appears to diminish somewhat in later life, 
but, according to Strassburger, it never entirely disappears. It has been 
suggested that the diastatic action of fecal extracts on starch might be 
due to the contained bacteria, but the experiments of Kerley, Mason 
and Craig have proved that an extract freed from bacteria by filtration 
through a Berkefeld filter has an unchanged action on starch. The 
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amount present in the stools appears to vary within very wide limits 
normally, perhaps as a result of changes in the diet. Diarrhea increases 
the quantity, and constipation generally diminishes it. In diseases of 
the pancreas interfering with the flow of pancreatic juice into the in- 
testine, the digestive action of an extract of the feces for starch is dimin- 
ished, or may be altogether abolished ; thus in many cases of cancer of 
the head of the pancreas Cammidge has obtained an unchanged blue 
reaction with iodin after twelve or even twenty-four hours' incubation; 
but with growths of the gall-bladder and common duct that did not 
obstruct the pancreatic duct, starch digestion has not been interfered 
with. 

From Brown's study on the diastase content of feces in normal and 
in certain pathologic conditions the following conclusions are drawn: 
The stool, if a rigorously exact method is carried out as to food, purga- 
tive employed, preservation of specimen, estimation of ferment, etc., fur- 
nishes a diastase content within definite limits. The effect of waiting 
too long after the stool has been obtained before making the examination, 
and the influence of variations in temperature in the place in which it 
is kept and of different laxatives and different foods, are so great as to 
render results, obtained by methods in which insistence on such a rigor- 
ous technic has not been made, of much less value. 

Extensive carcinoma of the pancreas showed no diastase in the tube 
of lowest dilution in Brown 's method, and this absence of ferment should 
prove of great help in the diagnosis of this condition. In chronic pan- 
creatitis diastase was present in the stool, but in markedly diminished 
amounts. In achylia gastrica the diastase content of the stool was prac- 
tically normal in all the cases examined. This, in the first place, suggests 
that in the absence of hydrochloric acid some other method of pancreas 
activation is called into play, and, in the second place, that the diarrhea 
met with in certain of these cases of achylia gastrica — the so-called gas- 
trogenous diarrhea — is not of pancreatic origin. 

Gerganoff points out the possibility of error in the quantitative 
determination of enzymes in the feces through the admixture of blood. 
Blood, whether it be from the stomach or intestines, may lead to con- 
siderable increase of the fecal ferments (Gerganoff studied diastase par- 
ticularly). Especially intestinal hemorrhages, when large, produce a de- 
cided increase. But gastric hemorrhages, when hydrochloric acid is lack- 
ing, may lead to similar results. When free hydrochloric acid is pres- 
ent in the stomach it may be concluded with reserve that a bloody stool 
rich in diastase is not due to gastric hemorrhage, but to bleeding from 
the duodenum or lower portions of the intestine. This point may prove 
useful in the diagnosis of a gastric ulcer or in its exclusion. 

As has been previously stated, Crohn considers the quantitative an- 
alyses of the feces and duodenal contents for enzjmies to be the most 
logical and fruitful method for the diagnosis of pancreatic insufficiency. 
There are, of course, other factors which influence the absorption of food 
besides the pancreatic ferments. But, generally speaking, a lessening of 
the pancreatic enzymes is directly indicative of some organic pathological 
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process in the gland. According to Crohn, the absorption and assimi- 
lation of foods may run an independent curve, altogether neglectful of 
the diminution of the pancreatic enzyme output, and he states that ab- 
sorption may be poor with an intact gland or good with a gland of 
which only a fragment survives the disease. While the author cannot 
entirely subscribe to this gpinion, it can be stated that the examination 
of the various secretions and excretions for pancreatic enzjnnes yields 
excellent diagnostic results. 

Lipase in the stools has little significance so far as pancreatic disease 
is concerned. In 1875, Pfeiffer showed that the feces contain a fat- 
splitting ferment. It is not derived from the pancreas, but appears to 
come from the intestinal mucous membrane, although a bacterial origin 
cannot be altogether excluded. Hecht has proved that the stools of in- 
fants contain a ferment which has the power of splitting the fats con- 
tained in the yolk of eggs by the Voldard-Stade method: 

The yolks of three eggs are emulsified with 100 c.c. of water. Ten c.c. 
of this are mixed with the specimen to be tested, and the mixture is 
placed in the incubator for two or three hours. It is then well shaken 
with 75 c.c. of ether and left to stand, the separation of the ether being 
promoted by the addition of a few c.c. of neutral alcohol. With a 
pipet, 50 c.c. of the ether are removed and mixed with 75 c.c. of neutral 
alcohol and titrated with decinbrmal soda. The mixture is then placed 
in a flask, 10 c.c. of normal soda solution are added, the flask is well 
corked, and left at the room temperature for twenty-four hours. Ten c.c. 
of normal hydrochloric acid are now added, and the mixture is again 
titrated with decinormal soda. In both titrations phenolphthalein is used 
as the indicator. The result of the first titration gives the fatty acids, 
and the second the soaps that have been formed. Prom these the amount 
of fat that has undergone saponification can be reckoned. 

Another method is to incubate the admixture of fluid to be tested with 
ethyl butyrate for a few hours. If the mixture has been previously 
rendered neutral, the presence of butyric acid can be recognized by its 
action on neutral litmus, or it may be titrated with decinormal soda and 
phenolphthalein. 

According to Hemmeter, the fat-splitting ferment contained in an 
extract of feces does not act upon olive oil. Hecht could not find any 
parallelism between the quantity of lipase in the stools and the amount 
of neutral fat, fatty acids, and soaps in the feces. 

2. Chemical Analysis op the Feces Following the Schmidt- 
STR.VSSBURGER DiET. — The diet consists of '*1.5 liters milk, 100 grams 
zwieback, 2 eggs, 50 grams butter, 125 grams beef, 190 grams potatoes, 
and gruel of 80 grams oatmeal. It contains about 102 grams albumin, 
111 grams fat, 191 grams carbohydrates, or a total of 2234 calories.'' 

In the morning: 0.5 liter milk (or if milk does not agree, 0.5 liter 
cocoa prepared from 20 grams cocoa powder, 10 grams sugar, 400 grams 
water and 100 grams milk) and 50 grams zwieback. 

In the forenoon: 0.5 liter oatmeal gruel (made from 40 grams oat- 
meal, 10 grams butter, 200 c.c. milk, 300 c.c. water, 1 egg; strained). 
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At noon: 125 grams chopped beef (raw weight), broiled rare with 
20 grams of butter, so that the interior will still remain raw, and 250 
grams potato broth (made of 190 grams mashed potatoes, 100 c.c. milk 
and 10 grams butter). 

In the afternoon: As in the morning. 

In the evening: As in the forenoon. 

In the reeognization of severe pancreatic disease there is no single 
i^jrmptom of greater significance than bulkiness of the stools. This is a 
diagnostic sign to which Osier, Musser, and others have called attention. 
Much information can often be gained from the weight of dried stools, 
and this can be ascertained even when facilities are not available for 
exact chemical analyses. All that is necessary in addition to scales for 
weighing is a water bath and a ventilating hood. With pancreatic juice 
absent from the intestine, not only are the stools voluminous, but the 
dried residue is much in excess of the normal. 

In a series of six healthy individuals placed on the test-diet for 
three days, Schmidt found the average weight of the dried feces to be 
54.3 grams. The maximum was 62 grams and the minimum 45 grams. 
Pratt found in a case of obstructive jaundice associated with malignant 
disease of the pancreas that the weight of the dried feces was 419 grams 
in one metabolism period of three days, and 355 grams in another. In 
a patient with chronic fatty diarrhea and glycosuria without icterus the 
feces weighed 438 grams. 

The increase in weight of the feces which results from shutting off 
the pancreatic juice from the intestine was well shown in our animal 
experiments. In a preliminary absorption test with the dog in normal 
condition the weight of the dried food in a period of three days was 
624 grams, and the weight of the feces 140.4 grams. In a metabolism 
experiment of the same duration begun five days after separating the 
pancreas from the duodenum, the weight of the dried food was reduced 
to 416 grams and that of the feces increased to 302.7 grams. 

In none of the cases studied by Schmidt was such a marked increase 
in weight of the feces observed as in Pratt 's 2 cases of pancreatic disease. 
The average weight of the feces in 5 cases of ** fermentative dyspep- 
sia'' reported by him was 127.4 grams; the average in **gastrogenous 
diarrhea" with achylia was 98.9 grams. His highest figures were in 
obstruction of the common bile-duct, where the average weight was 175.6 
grams, and the maximum 215.4 grams. There are no observ^ations on 
cases of obstruction of the pancreatic ducts given by Schmidt. It seems 
to Pratt that the possibility of shutting off the pancreatic secretion by an 
obstruction in the lower part of the common bile duct should be recog- 
nized. This may be the explanation of the hea\y weight of the feces 
in 2 of his cases. 

In a number of cases of pancreatic disease, metabolism studies have 
shown a great interference with the absorption of fat of nitrogen. Mor- 
rison and Pratt made a metabolism experiment on a patient presenting 
the typical symptoms of total obstruction of the pancreatic ducts. There 
was no jaundice. It was found that 58.9 per cent, of the fat of the 
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fffftd wan excreted in the feces. The percentage of nitrogen nnafasorbed 
waH 5(i,9 p4;r cent. Normally not over 5 or 10 per cent, of the fat or 
nitrogen of the food in loHt in the feces. 

In a metabolinm exj^eriment on a patient with cancer of the pancreas 
and olMriJctive jaundice, Spooner and Pratt found that 79.9 per cent, 
of the fat of the food was excreted in the feces and 34.8 per cent, of 
the nitrogen. 

Ilarlffy has reported a case of probable obstruction of the jmn- 
creatic ducts without jaundice, in which there was a fat loss of 73.1 per 
cent. In a case of cirrhosis and atrophy of the pancreas, combined with 
cirrhosis of the liver, Weintraub found a fat loss of 25.2 per cent.; 
Deucher, in cancer of the pancreas, found fat losses of 82.9 per cent 
and 52.6 per cent. ; Brugsch and Konig, in a case of abscess of the pan- 
creas, 59.7 per cent. C absorption experiment of only one day's duration). 
iiluKHner and Siegel, in a case of atrophy of the pancreas due to a 
calculus, found a fat loss of 56.1 per cent.; Gigon, in a case of pan- 
creatic calculi with obstruction of the ducts, a maximum fat loss of 
47.4 per cent, and a minimum of 13.5 per cent. ; Ehrmann, in atrophy 
of the pancreas, 50.2 per cent.; Tileston, in 5 cases of cancer of the 
pancreas with icterus, fat losses of 75.6 per cent., 68 per cent., 52.6 per 
cent., 45.6 per cent., 49.1 per cent. 

In Ilarley 's case there was a nitrogen loss of 40 per cent. ; Weintraub 
found a nitrogen loss of 60.6 per cent. ; Deucher, 29.6 per cent, in one 
case and 19 per cent, in the other. Glaessner and Siegel 41.5 per cent.; 
(Jigon, 24.7 per cent.; and Ehrmann, 42.8 per cent.; Tileston in three 
cases, 19.8 per ceiit. ; 14.5 per cent. ; and 21.1 per cent. Brugsch found 
an average fat loss of 45 per cent, in three cases of icterus, but the 
nitrogen loss averaged only 11 per cent. If 50 per cent, or more of the 
fat and 25 per cent, of the nitrogen of the food are recovered from 
the feces the conclusion is warranted that pancreatic insufficiency exists. 

While the method of chemical analysis of the feces is more diflBcult 
than the other tests, it yields results which are of greater value. Of 
course these examinations can only be carried out in a wfeU-equipped 
laboratory, and better still in a hospital laboratory. 

3. AzoTORRHEA. — ^Azotorrhca as a test for pancreatic insufficiency is 
well discussed by Sladden. 

The term azotorrhea is used to denote an excessive excretion of nitro- 
gi»u compounds in the feces, the inference being made that such com- 
l)()unds are present owing either to failure of digestion of proteins or 
to failure of absorption of products of digestion. 

The determination of the nitrogen content of the feces is a process 
only to be undertaken by a skilled chemical pathologist, and as a clin- 
ical test, it is ruled out in ordinary conditions of practice. Moreover, 
to place such determinations upon a sound basis, a complete metabolism 
experiment has to be made, with estimations of nitrogen intake and 
output. 

As with all other investigations of the proteolytic activity of pan- 
creatic juice, the disturbing effect of other ferments, pepsin, erepsin, and 
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proteolytic agents of bacterial origin, complicates and obscures the 
issue ; while, on the other hand, disease of the absorbing areas of the intes- 
tine, tuberculosis ulceration, or degeneration and atrophy of the mucous 
membrane may lead to deficient absorption of nitrogen products which 
have not suffered from lack of pancreatic juice to break them down. This 
being so, one can hardly agree with Barbour that azotorrhea is a cardinal 
sign of pancreatic disease except with the proviso that the mechanism 
of absorption in the small intestine is not deranged. 

A review of work done on this subject shows quite unmistakably 
that azotorrhea is a common feature of pancreatic disease Deaver, 
Tilestone, Pratt, von Ehrmann, 0. Gross, Barbour and Brugsch have all 
communicated cases in point, whereas there appear to be few records 
of completely normal utilization of nitrogen in the presence of definite 
pancreatic disease. Delfino has published a case of pancreatic cyst where 
this was so. 

A very interesting feature in most of the cases recorded is the 
tendency of extracts of pancreatic gland to improve nitrogen absorption. 
Von Ehrmann's patient (1910), with chronic pancreatitis and a loss of 
nitrogen equal to 43 per cent, of the intake, when given pancreatin lost 
only 17 per cent, of the nitrogen in the diet, although this represented an 
increased intake. In an interesting and valuable series of tests on two 
casesy one with chronic pancreatitis without icterus, the other with icterus, 
the result of syphilitic cirrhosis, the same author found the nitrogen loss 
in the pancreatic case was 3-1 per cent, of the intake, that of the icteric 
case, 12 per cent. Pratt's account of seven cases with pancreatic dis- 
ease showed a great increase of nitrogen loss, from the normal 5 per cent, 
or 10 per cent, to 30 per cent, or 40 per cent., and animal experiments 
confirm this. He quoted Tilestone for cases of icterus with carcinoma of 
the pancreas where loss of both fat and nitrogen was increased; that 
icterus alone, however, has but little influence on nitrogen absorption 
is shown by Ehrmann's case above mentioned and by Brugsch 's experi- 
ence that in uncomplicated icterus the nitrogen loss may be 11 per 
cent., but with a pancreatic lesion added it will rise to 33 per cent. 

Brugsch makes an interesting suggestion that in cases where acidosis 
is present, as an advanced diabetes, this may reduce the alkalinity of 
the duodenal and intestinal contents and so impair ferment activity and 
lead perhaps to an augmentation of fat and nitrogen excretion. There 
does not appear to be any experimental work in support of this theory, 
but against it can be adduced the experiments of Long and ^Muhlmann, 
who showed that m vitro trypsin can withstand an acidity of more than 
0.3 per cent. HCl for half an hour at 40° C. If pepsin be present also 
a distinct retardation of tryptic activity is caused. Their experiments 
also showed that commercial preparations of pancreatic gland rapidly 
deteriorate below the pharmacopeial standards. In two cases reported 
by Gross doses of twenty tablets daily of pankreon (rhenania) pro- 
duced no effect on nitrogen absorption, but by doubling the dose a marked 
benefit was obtained. AVith the use of raw pig's pancreas, 75 grams per 
day, an even greater improvement occurred. Cammidge's experience with 
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r^rw fUnd M eomptred with dry preparatioiu is similar. Mosenthal, 
in a eiuMt; of i^lyearam with ereatorrhea, steatorrhea and ahsence of 
iryyaAn in th^ stools, gave pankreon without effect, bat on substituting 
ITj^) grams of raw shea's pancreas he obsenred very great improvement 
in fat and protein digfrstion. The improrement was so great in the case 
of fat that a^fidosis tende^l to increase. 

Although other and simpler tests render observations on nitrogen loss 
in tlie stools a rather unsatisfactory method for diagnosis, nevertheless 
it is prolmbly true that pancreatic insufficiency is the most usual cause 
of azotorrhea, and if metabolism experiments be undertaken with obser- 
vations on the influence of pancreatic preparations on nitrogen absorp- 
ti^in, much valuable information can be gained both for diagnosis and 
the direction of treatment. Tilestone (1912) regards the determination 
of nitrogen Iriss quite as valuable for diagnosis as fat determinations, 
ami in the absence of intestinal disease impairing absorption he regards 
a nitrogen Utm of more than 30 per cent as being strongly suggestive of 
pancreatic diiMfase. 

4. HreATriKBiiEA. — Miiller observed that the feces contained a larger 
perr^entage of unsplit fat, that is, of neutral fat, in his cases of pan- 
creatic disease than in other conditions studied. Zoja asserted that 
a low fHfrcentage of soaps was of diagnostic value. Fitz, in 1903, col- 
lecfted 11 cases from the literature in which an analysis of the fecal 
fat had l>ecn made; while in health, from 20 to 30 per cent, is in the 
form of neutral fat, in 9 out of the 11 cases of disease of the pancreas the 
pcfrcentage of neutral fat was increased. 

Pratt has made analyses of the fecal fat in 7 cases of undoubted pan- 
croHtic iWmhm. The fat extractions were made according to Kosenfeld's 
nii'thcHl. In the determination of the neutral fat, fatty acids, and soaps, 
Mullitr's procedure was followed. 

In all but one of these cases steatorrhea occurred. The percentage 
of fat ranged from 28.8 to 72.8, while normally the feces contained less 
than 25 per c(»nt. In 4 of the 7 cases there was an increase in the neutral 
fat, but not Hufflciently great to be of distinct diagnostic value. A very 
low percentage of soaps was found in 3 of the 7 cases. 

('Hnnnidge gives the tables quoted below of fat analysis of the feces 
in pancreatic and non-pancreatic disease. (Tables 2-9.) 

C'aniniidge states: ** Considering first the relation of the 'unsoaped' 
fat (iKMitral fat and free fatty acids) to combined fatty acids, it will 
be Ni»(»n tiuit tiie (^ffoct of interference with the functions of the pancreas 
has been as a rule to increase the proportion of unsoaped fats, while 
oliHtruetion of the bile How and intestinal catarrhs have tended to raise 
the percentage of combined fatty acids. The influence of disease of the 
pancreas in this direction is well seen in both series of cirrhosis of the 
gland, for in the eight cases comprised in the first series and in 90 per 
cent, of those in the secoTid series, the unsoaped fats were in excess. 
Again in the ease where paiiereatic q\sX was present, it will be seen that, 
altluuigh the total fat was not high (20.5 per cent.), nearly three-quarters 
of this (15 per cent.) was in the unsoaped condition, and only about a 
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Tabui 2. — Analysis or Fecxs. 
Serie$ A. Group I, Panereatie Diteaie — No Jaundice. (Cammidge.) 





No. 

of 

Cases 


Total 

Fat 

(Per Cent.) 


"Un- 
soaped" 

(Per Cent.) 


Combined 

Fatty 

Acids 

Soap 
(Per Cent.) 


"Unsoaped" Fat 




More 

than 

Soaps 

(Per CSent.) 


Less 

than 

Soaps 

(Per Cfent.) 


1. Stones in common 
bile-duct. 


25 


36.5 
(71.3-16.0) 


19.5 
(61.0-4.5) 


17.0 
(37.9-0.3) 


56 


44 


2. Stones in gall-blad- 
der. 


11 


27.1 
(44.0-16.2) 


14.7 

(22.4-4.3) 


12.4 
(21.2-2.6) 


54 


46 


3. Intestinal catarrh. 


83 


28.8 
(79.9-6.5) 


12.5 
(45.7-1.0) 


16.3 
(38.2-1.3) 


30 


70 


4. Ulcer (duodenum). 


15 


30.5 

.(48.0-7.2) 


14.7 
(26.4r-1.0) 


15.8 
(28.2-6.2) 


46 


54 


6. Ulcer (stomach). 


3 


27.6 

(47.2-7.5) 


16.6 
(20.2-5.4) 


11.0 
(27.2-4.1) 


33 


67 


6. Sprue. 


8 


57.0 
(76.1-39.8) 


31.0 

(42.4-7.4) 


26.0 
(34.0-16.6) 


50 


50 


7. Permcious anemia. 


2 


48.1 
(50.4-45.8) 


19.0 
(9.4-8.6) 


39 1 
(41.8^.5) 


— 


100 


8. Tuberculous en- 
teritis. 


1 


60.5 


40.2 


20.3 


100 


— 


9. Cirrhosis of liver 
and pancreas. 


9 


39.0 
(68.0-12.6) 


22 9 
(36.2^3.4) 


16.1 
(34.0-4.5) 


89 


11 


10. Cirrhosis of pan- 
creas. 


8 


36.2 
(61.2-15.3) 


22.6 
(44.1-11.7) 


13.6 
(27.0-3.5) 


100 


— 


11. Arteriosclerosis. 


8 


27.1 

(53.8-15.1) 


14 9 
(50.8^.5) 


12 2 
(34.1-^.0) 


50 


50 


12. Heart disease. 


4 


19.1 
(25.7-11.7) 


10.7 
(16.7-6.1) 


8.4 
(15.7-4.1) 


75 


25 


13. Chronic pancrea- 
titis. 


47 


28 3 
(72.2-^18.0) 


16.3 
(52.0-2.2) 


12 
(29.3-0.5) 


49 


51 


14. Cyst of pancreas. 


1 


20.5 


15.0 


5.5 


100 


— 


15. Pancreatic infan- 
tilism. 


1 


57.4 


48.5 


8.9 


100 


— 
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Table 3. — ^Analysis of Feces. 
Series A. Group II. Jaundice — No Pancreatic Disease. (Cammidge.) 





No. 

of 

Cases 


Total 

Fat 

(Per Cent.) 


"Un- 

soaped" 

Fat 

(Per Cent.) 


Combined 
Fatty 
Acids 
Soap 

(Per Cent.) 


"Unsoaped" Fat 




More 

than 

Soaps 

(Per Cent.) 


Less 

than 

Soaps 

(Per Cent.) 


1. Stones in common 
bile-duct. 


16 


54.8 
(81.3-25.7) 


21.7 
(46.3-10.0) 


33.1 

(54.1-8.2) 


25 


75 


2. Growth of bile-duct. 


5 


74.6 
(90.4-65.0) 


30.7 
(37.1-30.0) 


44 
(57.5-32.0) 


— 


100 


3. Simple stricture of 
common bile-duct. 


1 


79.9 


27.8 


52.1 


— 


100 


4. Catarrhal jaundice. 


2 


31.9 
(32.9-31.0) 


11.3 
(11.6-11.0) 


20.6 
(21.3-20.0) 




100 


6. Growth of gall-blad- 
der. 


2 


25.6 
(27.3-23.9) 


12.4 
(13.5-11.3) 


13 2 
(14.8-^12.6) 


~— ~ 


100 



quarter (5.5 per cent.) in the form of combined fatty acids. On the 
other hand, in a case of simple stricture of the common bile-duct, I 
found 52.1 per cent, of the dry weight of the feces consisted of soaps, 
and only 27.8 per cent, of neutral fats and free fatty acids. Sixteen 
cases of simple obstruction of the common bile-duct by gall-stones, with 
no associated pancreatitis, showed an average of 21.7 per cent, of un- 
soaped fat to 31.1 per cent, of combined fatty acids. The latter were in 
excess of the former in all but four cases, and in these the jaundice was 
not marked and the difference was slight. 

** Simple uncomplicated cases of pancreatic disease or jaundice are, 
however, comparatively rare. We have most frequently to consider the 
effects of the two together, or to take into account a coexistent intestinal 
condition with one or the other. In cancer of the pancreas, where as a 
rule there is complete blocking of the common bile-'luct and serious 
interference with the functions of the pancreas, since the growth is most 
commonly situated in the head of the gland, the proportions of soaps 
and unsoaped fats vary very considerably. In my first series of 38 cases 
there was an excess of unsoaped fat in 57 per cent., but in the second 
series of 16 cases such an excess was only found in 13 per cent. This 
difference is, I think, to be explained by the fact that a small quantity 
of bile was finding its way into the intestine in a large number 
of the cases of the second group than of the first, and in many of them 
there was evidence of abnormal putrefactive changes in the intestinal 
contents, so that more of the fat was being split through the agency of 
bacteria and a larger proportion was being turned into soap. That more 
efficient fat absorption was as a rule taking place in these cases is sug- 
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Table 4. — ^Analysis of Feces. 
Seriea A. Group III. Pancreatic Disease xniih Jaundice. (Cammidge.) 





No. 

of 

Cases 


• 

Total 

Fat 

(Per Cent.) 


"Un- 

soaped'' 

Fat 

(Per Cent.) 


Combined 
Fatty 
Acids 
Soap 

(Per Cent.) 


"Unsoaped" Fat 




More 

than 

Soaps 

(Per Cent.) 


Less 

than 

Soaps 

(Per Cent.) 


1. Stones in common 
bile-duct. 


51 


56.6 

(87.2-15.8) 


30.2 
(59.8-6.6) 


26.4 
(65.8-2.3) 


57 


43 


2. Growth of common 
bile-duct. 


2 


49 5 
(72.7-26.2) 


29.6 
(33.2-25.9) 


19.9 
(39.5^.3) 


50 


50 


3. Growth of ampulla 
of Vater. 


1 


65.7 


35.1 


30.6 


100 


— 


4. Catarrhal jaundice. 


. 24 


45.0 
(62.9-9.2) 


27.0 

(69.7-3.7) 


18.0 

(42.7-1.8) 


58 


42 


5. Growth of pancreas 
secondary to gall- 
bladder. 


4 


55.4 
(66.3-39.6) 


38 2 
(52.7-^.1) 


17.2 
(30.0-7.8) 


100 


~— 


6. Growth of pancreas 
secondary to 
stomach. 


8 


34.0 
(63.7-19.2) 


12.3 
(31.6^5.6) 


21.7 
(41.1-4.3) 


37 


63 


7. Growth of pancreas 
secondary to 
intestine. 


6 


26.2 
(39.8-12.7) 


10.5 
(13.3-6.6) 


15.7 
(27.6-6.1) 


33 


67 


8. Secondary growth of 
pancreas, primary 
elsewhere. 


4 


33.3 

(39.6^12.7) 


20.7 
(23.1-14.9) 


12.6 
(18.1-7.0) 


75 


25 


9. Cancer of pancreas. 


38 


71.3 
(93.3-22.3) 


41.0 
(69.0-7.0) 


30.3 
(63.8^3.6) 


57 


43 



gested by the lower average percentage of total fat. Chronic pancreati- 
tis associated with the presence of gall-stones in the common bile-duct, 
and jaundice, gave an excess of unsoaped fat in 57 per cent, of the cases 
in the first series and 45 per cent, in the second. In both, very wide 
variations were met with, depending apparently upon the extent to which 
the bile flow was interfered with and the amount of damage to the pan- 
creas." 

Cammidge examined the feces from seven cases of growth of the com- 
mon bile-duct. In five there was no evidence of involvement of the 
pancreas, and in these the combined fatty acids were considerably in 
excess of the unsoaped fats. Of the two in which the pancreas was in- 
volved in the growth, one showed an excess of combined fatty acids and 
the other of unsoaped fats, but as the patient with the low percentage 
of unsoaped fat (.3 per cent.) was on an exclusively milk diet, the results 
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Tabui 5. — Analtsis of Feces. 
Seriea A. Group IV. No Panertatie Diteau — No Jaundice. (Cammidge.) 





No. 

of 

Cases 


Total 

Fat 

(Per Cent.) 


"Un- 

soaped" 

Fat 

(Per Cent.) 


Combined 
Fatty 
Acids 
Soap 

(Per Cent.) 


"Unsoaped"Fat 




More 

than 

Soaps 

(Per CiiBnt.) 


Less 

than 

Soaps 

(Per Cfent.) 


1. Stones in common 
bile-duct. 


9 


33.2 
(62.3-21.2) 


15.3 
(34.0-3.5) 


17.9 

(38.8-3.8) 


44 


56 


2. Stones, gall-bladder 
or cystic duct. 


23 


32 1 
(79.9^11.6) 


15.4 
(27.8-4.4) 


16.7 
(52.1-0.5) 


47 


53 


3. Intestinal catarrh. 


18 


25.3 
(39.6-13.8) 


8.1 
(13.3-2.0) 


17.2 
(34.2-9.8) 


5 


95 


4. Ulcer (duodenum). 


6 


26.4 
(36.8-14.0) 


7.8 
(11.3-2.9) 


18.6 , 
(27.2-8.8) 


— 


100 


5. Ulcer (stomach). 


13 


20.6 
(27.9-16.8) 


8.1 
(12.2-4.2) 


12.5 
(15.7-8.9) 


— 


100 


6. Sprue. 


6 


48.8 
(57.7-^4.5) 


25.5 
(26.7-11.7) 


23.3 
(32.(^19.0) 


40 


60 


7. Pernicious anemia. 


1 


23.1 


12.7 


10.4 


100 


— 


8. Appendicitis. 


3 


20.5 
(22.1-18.6) 


6.5 
(7.0-5.6) 


14.0 
(15.3-11.0) 




100 


9. Chronic colitis. 


30 


20.9 
(42.1-8.6) 


5.6 
(12.7-0.5) 


15.3 
(33.4-6.2) 


— 


100 


10. Tuberculous enter- 
itis. 


3 


39.8 
(61.3-25.1) 


14.9 
(23.5-4.6) 


24.9 
(30.7-22.1) 


— 


100 


11. Dilated stomach. 


4 


26.4 

(28.5-20.4) 


4 5 
(6.4^2.1) 


21 9 
(23.6^12.4) 


— 


100 


12. Growth of stomach. 


15 


25.1 
(30.4-11.1) 


10.0 
(14.5-6.1) 


15.1 
(18.3-2.7) 


33 


67 


13. Growth of intes- 
tine. 


19 


30.4 
(39.8-22.1) 


11.5 
(17.1-8.0) 


18.9 
(27.6-7.5) 


5 


95 


14. Growth of other 
organs. 


10 


25.4 
(31.4-22.7) 


10.8 
(15.9-6.3) 


14.6 

(18.7-4.8) 


40 


60 


15. Cirrhosis of liver. 


5 


20.2 
(26.6-10.5) 


10.6 
(13.1-5.3) 


9.6 
(13.2-5.2) 


80 


10 


16. Infantile acholia. 


1 


39.2 


14.1 


25.2 


— 


100 


17. Congenital family 
steatorrhea. 


1 


83.1 


37.2 


45.9 


— 


100 


18. Normal. 


25 


20.6 
(25.0-9.1) 


10.2 
(15.6-6.1) 


10.4 
(10.2-4.3) 


48 


52 

1 
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are not strictly comparable with those given by the other cases who are 
taking a mixed diet. 

The influence of intestinal affections on the relation between the soaps 
and unsoaped fats of the stool is well illustrated by the cases diagnosed 
as ''intestinal catarrh'' or ** enteritis/* in which there was neither 
jaundice nor pancreatitis to complicate the issue, for in 95 per cent, of 
these in the first series and 100 per cent, of these in the second, the com- 
bined fatty acids were present in excess. Similar results were also ob- 
tained with the feces of patients suffering from duodenal ulcer, gastric 
ulcer, and appendicitis. As all these conditions are associated with a 
pathological state of the intestinal mucous membrane and an abnormal 
intestinal flora, which may affect the pancreas either directly through 
the ducts or indirectly by way of the lymphatics, one sometimes meets 
with cases in which there is an excess of unsoaped fats. This is most 
common in connection with ulcers of the duodenum. There was evidence 
of such a secondary pancreatitis in fifteen out of the twenty-one cases 
that Cammidge included in the tables, and in about half of these there 
was a relative excess of unsoaped fats. A similar complication was found 
in three out of the sixteen cases of gastric ulcer, but only one of these 
showed an excess of neutral fats and free fatty acids in relation" to com- 
bined fatty acids. Even when well-marked pancreatic insufficiency is 
present, and there are other indications that the digestive functions of 
the gland are interfered with, the excess of unsoaped fat that might be 
expected is often replaced by an abnormally high percentage of soaps, 
owing to the fat-splitting action of the intestinal bacteria. Thus, out of 
83 cases of pancreatitis associated with an intestinal catarrh, the soaps 
were in excess in 70 per cent., and in only 30 per cent, were the un- 
soaped fats and combined fatty acids equal, or the former in excess. 

It is obvious that when there is interference with the functions of 
the pancreas from cirrhosis consequent on inflammatory changes, and 
also an abnormal activity of the fat-splitting bacteria of the intestine, 
the relation between the soaps and the unsoaped fats will vary with the 
relative intensity of the two, and no hard and fast rule can be laid 
down ; each case must be judged on its merits and on the indications to be 
obtained by other methods of examination. Of these, the presence of 
indicanuria, an excess of inorganic ash in the feces, and the results of 
the pancreatic insufficiency tests are the most important. The varying 
relations found in my cases of duodenal ulcer and gastric ulcer are ex- 
amples of this, and the same explanation probably holds good for the 
cases of sprue and pernicious anemia that Cammidge examined. Stones 
in the common bile-duct and gall-bladder have frequently been found 
not to be associated with a disturbance in the relations between the un- 
soaped fats and combined fatty acids as might theoretically be ex- 
pected, especially when there has been no obstruction to the bile flow. 
Cammidge is inclined to think that this may be due to the abnormal ac- 
tivity of fat-splitting bacteria, for in such cases there is generally evi- 
dence of cholangeitis, and this, as well as the gall-stone formation, is 
probably consequent upon the invasion of the biliary tract by intestinal 
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organisms which have ascended beyond their normal habitat to the level 
of the common bile-duct. 

The following methods are used for analyzing fecal fat (Cammidge) : 
**A weighed quantity of the feces, which have been dried to a constant 
weight, if necessary with the addition of alcohol but without any added 
sulphuric acid, is extracted with ether in a Soxhlet apparatus continu- 
ously for forty-eight hours.' After the completion of the extraction the 
ether is evaporated off, the flask containing the ether extract is heated 
in a steam oven for an hour, cooled and weighed. This extract (A) gives 
the weight of the neutral fats and free fatty acids contained in the 
weight of feces taken. If the extraction thimble is allowed to stand in 
the air until the smell of ether has disappeared, and is then dried and 
weighed, this weight, plus the weight of the extract and less the weight 
of the thimble, will give the weight of the quantity of dry feces used for 
the extraction, and may therefore be used as a check on this, or may 
replace the original weighing process if desired. The residue from the 
thimble is now transferred to a porcelain dish and thoroughly ground 
up with a dilute watery or alcoholic solution of hydrochloric acid. The 
mixture is tested to see that it is strongly acid and then evaporated to 
dryness on a boiling water-bath. The perfectly dry residue is now trans- 
ferred to the thimble from which it came, and extracted in a Soxhlet 
apparatus with ether continuously for twenty-four hours. The ether is 
then distilled off, the flask is heated in a steam oven, cooled, and weighed 
as before. This ether extract (B) contains the fatty acids present as 
soaps. The volatile fatty acids in the first extract (A) may now be 
estimated by washing with hot water, filtering, washing the residue on 
the filter, first with hot water and then with ether, adding the ether 
to the residue in the flask, drying, and weighing the flask after the ether 
has been evaporated off. The non-volatile fatty acids are then deter- 
mined by dissolving the residue in the flask in a considerable excess of 
absolute alcohol, or a mixture of alcohol and ether, and titrating with 
a decinormal solution of alcoholic potash, using phenolphthalein as the 
indicator. Since 1 c.c. of decinormal potash corresponds to .0284 gram 
of stearic acid, the weight of the fatty acids present can be calculated 
in terms of stearic acid by multiplying the number of cubic centimeters 
of decinormal soda used by .0284. The difference between this result 
and the weight of the ether extract previously determined will give the 
weight of the neutral fat and any lipoids that may be present. The 
amount of the latter is so small, that for practical purposes it may be 
neglected and the value obtained, taken as being that of the neutral fat. 
If it is considered necessary to estimate the cholesterin separately, the 
solution with which the titration was carried out is evaporated to dryness 
and warmed with alcoholic potash. The amount of lecithin is then esti- 
mated from the phosphoric acid content of the ash. The weight of the 
saponified fatty acids in the second extract (B) can be checked by dis- 
solving the dried residue in alcohol and titrating with decinormal alco- 
holic potash, and then expressing the result in terms of stearic acid 
in the way employed for the estimation of the non-volatile fatty acids 



PANCREATIC FUNCTION TESTS 79 

in the extract (A). As a rule, it will be found that the figures obtained 
by weighing and titration agree fairly closely, but those given by the 
latter method are to be preferred. 

"The neutral fats and fatty acids in the ether extract (A) may also 
be estimated by Hoppe-Seyler's method. The extract is dissolved in 
ether, and shaken with an excess of dilute sodium carbonate solution. 
The mixture is then placed in a separating funnel and left to stand for 
a few hours. The watery solution is separated and well shaken with 
ether, which is again separated. The two ether extracts are now com- 
bined, evaporated to dryness, cooled, and weighed. The result gives the 
weight of the neutral fat (and lipoids), while the difference between this 
and the original weight of the dry ether extract (A) gives the weight 
of the free fatty acids." 

For routine analyses, Cammidge employs the following method : 

About 0.5 gram of the dried feces is weighed out and introduced into 
the lower bulb of a Schmidt-Werner milk tube as described for the rapid 
estimation of the total fat. Ten c.c. of distilled water are then added, 
and the tube is heated for a quarter of an hour in a boiling water-bath, 
occasionally rotated to mix its contents well. After being cooled, the 
tube is filled up to the 50 c.c. mark with ether, and the consequent steps 
of the process carried out as for the estimation of the total fat ; in fact, 
the two experiments are usually carried out side by side, the tubes being 
labeled A and B respectively. The ether extract of the A tube, the con- 
tents of which have been heated with dilute hydrochloric acid, gives the 
total fat ; the ether extract of the B tube, in which water only was used, 
gives the sum of the neutral fats and free fatty acids, and for conven- 
ience of reference Cammidge generally speaks of the latter as the **un- 
saponified," or better, **unsoaped,'' fats, while the difference between 
the two gives the combined fatty acids or soaps. To determine the rela- 
tion between the neutral fats and free fatty acids, the ether extract 
from the B tube is dissolved in an excess of ether (about 20 c.c), a few 
drops of an alcoholic solution of phenolphthalein are added, and it is 
then titrated with decinormal alcoholic soda. The number of c.c. used to 
neutralize the solution multiplied by 0.0284 grams, gives the weight of 
free fatty acids contained in the quantity of dry feces originally used, 
and the difference between this and the weight of the ether extract gives 
the quantity of neutral fat (and lipoids). 

The whole process can be carried out in the space of an hour or so 
after the feces have been dried down, and if only sufficient of the mixed 
moist stool to yield a couple of grams of dry material are employed, the 
whole of the estimations may be made from beginning to end in six to 
eight hours, most of the time being occupied by the drying of the feces 
to a constant weight and waiting for the ether extracts to clear. 

Considerable variations occur in the percentage of the fatty con- 
stituents of the feces, even in health, but as a rule a normal adult, 
taking an ordinary mixed diet, gives figures which lie between the fol- 
lowing extremes : ' 
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Total fat 15-25 per cent, of the dry weight 

'^Unsoaped'' fat 10-15 '' '' '' '' '' '' 

Neutral fat 1-2 *' '' ** '' '* '' 

Free fatty acids 9-13 '' '' '* '' '' *' 

Combined fatty acids 10-15 
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By means of the nephelometric principle, which has been used by 
Bloor for the determination of the fat in blood and milk, Laws and Bloor 
have found it possible to make an accurate determination of the fat 
in the stools in about one hour. The method consists essentially in ex- 
tracting directly with acidified alcohol and ether, filtering the extract, 
then precipitating the fat in a watery solution and comparing the cloudy 
suspension so obtained with that of a similarly prepared standard so- 
lution. 

5. Crilvtorrhea. — As Sladden says, creatorrhea is a natural corol- 
lary of azotorrhea. This phenomenon has been known for many years. 
It is very simple to recognize, since in a film of normal feces examined 
under a microscope it is rare to find more than one or two muscle-fibers 
in a field, and most often they are entirely absent. 

According to Kleineberger the finding of creatorrhea is about the best 
evidence for pancreatic insufficiency; Wertheimer concurs, as does Von 
Ehrmann, who stipulates, however, that the patient's meat ration for a 
few days previously should not exceed two ounces daily. He compared 
the effect of giving pancreatin upon azotorrhea and creatorrhea, and 
came to the conclusion that the effect was quantitative, not qualitative, 
i.e., there was still impaired digestion of muscle-fiber, although the di- 
gestion of nitrogenous food as a whole was so improved that the nitrogen 
loss became normal. In a later paper (1913) von Ehrmann still main- 
tains this view, which has also been confirmed by Oscar Gross. How 
this apparently selective action of pancreatic extract comes to pass is 
not at all clear; Allen, arguing from a case of carcinoma of the duodenum 
with complete occlusion of the pancreatic duct, in which no creatorrhea 
could be found, suggested the possibility of an internal secretion of the 
pancreas taking an essential part in the digestion of muscle-fibers. In 
Barbour's case and in the experience of Sladden the administration of 
pancreatic extract may clear up a creatorrhea, and in any case it appears 
to be a policy of rather doubtful utility to call in a fresh internal secre- 
tion to account for an observation otherwise ** unexplained." 

The creatorrhea test is not free from fallacies — diarrhea or even 
rather abnormal peristalsis may lead to appearance of muscle-fibers in 
the feces, and Allen states that a condition of achylia gastrica may pro- 
duce a similar result. If these possibilities are excluded a finding of 
creatorrhea has great positive significance. A negative observation has 
not, however, the same value for the exclusion of pancreatic disease, al- 
though, as Pratt remarks, in cases where pancreatic insufficiency has been 
definitelv excluded well-marked creatorrhea has not been observed. 
Glaessner drew attention to the possible action of proteolytic enzymes of 
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intestinal or bacterial origin, to render a negative observation of less 
value for diagnosis.* 

6. Sahli 's Glutoid Capsule Test. — In 1897, Sahli recommended the 
following test for pancreatic sufficiency : Gelatine capsules are made and 
hardened in formalin. The capsule is filled with iodoform, methylene 
blue or salicylic acid. This capsule is not soluble in gastric juice, but 
is acted upon in the presence of pancreatic juice with the liberation of 
its contents. In a normal subject the contents should be found in the 
urine or saliva within four hours. When iodoform is used the saliva 
will react with starch to give a blue color, showing the presence of iodin. 
"When salicylic acid is used, the urine will give a port wine or red color 
with a solution of ferric chlorid if the salicylates are excreted in the 
saliva. If methylene blue is used, the urine will be blue or green in 
color. 

Mention may be made here of Miiller and Schlecht's adaptation of 
Sahli 's glutoid capsule test to the detection of the tryptic ferment in the 
feces. A gelatin capsule hardened in an alcoholic solution or formalin 
is filled with powdered wood charcoal and floated on 10 or 15 c.c. of a 
liquid stool, which must not have been filtered, in a wide test-tube, so 
that it does not touch the walls, and incubated at 37° C. If the feces 
contain a normal proportion of trypsin, the capsule should dissolve in 
about half an hour, and its contents will stain the fluid in the tube 
black. If no trypsin is present, the capsule will remain unaltered for a 
day or so before it finally dissolves. 

This test has the same drawbacks as Sahli 's, and particularly the 
difficulty of properly adjusting the hardness of the gelatin and prevent- 
ing accidental opening of the capsule. It has now been replaced by the 
more satisfactory casein tests. 

Wallenfang found the reaction delayed in four out of eight healthy 
individuals. 

According to Pratt, this test is unreliable since one case with definite 
disease of the pancreas gave a normal reaction, whereas another case 
with normal pancreas gave a very much delayed reaction. 

Ferreira introduced a modification, giving encapsulated salicin, but 
as the nature and origin of the ferment which splits salicin is not known, 
the method merely adds a further objection to those urged against the 
simpler test of Sahli. 

7. Schmidt Cell-Nuclei Test. — The observation made by Schmidt 
that cell-nuclei are digested only by the pancreatic secretion is the 
physiological basis of the test. The method has been assailed on theo- 
retical as well as on practical grounds. Brugsch and his pupil Hesse 
have been the chief opponents of the method, but they have failed to 
prove that it is untrustworthy, and Schmidt's assertion that the gastric 
juice does not act upon cell-nuclei seems to be true. Strauch, working 
in Abderhalden's laboratory, showed that pure pancreatic juice com- 
pletely dissolved the cell-nuclei in six to eight hours; pure intestinal 
juice (erepsin) and pure gastric juice, on the contrary, did not digest 
them. 

VOL. IL— 6. 
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Pratt found in a dog with complete pancreatic achylia, produced by 
separating the pancreas from the duodenum, that the cell-nuclei were not 
digested. The gastric juice was normal, and there was no disease of 
the intestine. Thus clear evidence was presented by this experiment that 
the normal secretions of stomach and intestine were unable to digest the 
cell-nuclei. 

Raw beef containing a fair amount of fibrous tissue is cut into cubes 
measuring about 0.5 cm. in size. These are hardened in alcohol, and 
placed in small bags made of silk gauze. They should be immersed in 
water for several hours before using. The bags are recovered from the 
stools and the meat cubes examined for the presence of nuclei after 
paraffin sections have been prepared. The test is positive if the nuclei 
are preserved and take the stain, negative if the nuclei are digested. Ein- 
horn has used thymus gland instead of beef. This modification appears 
to be a distinct improvement. 

Recently Kashiwado, a pupil of Schmidt, has simplified the nucleus 
test. By gastric digestion the nuclei of the thymus gland are isolated. 
The nuclei are then stained with hematoxylin, and a powder prepared, 
composed of equal parts of lycopodium and nuclei. Two capsules, each 
containing 0.25 gram of the mixture, are administered after dinner or 
supper. If the nuclei are not digested they are easily recognized in 
the stools. 

Pratt has not observed a definite case of pancreatic insufficiency in 
which the nucleus test was negative. The value of the test is impaired 
by the fact that the meat cubes must remain in the intestine not less 
than six nor more than thirty hours. If the period is too short the nuclei 
are undigested by normal pancreatic juice. Putrefaction may cause 
the disappearance of the nuclei if the meat cubes remain more than a 
day in the intestine. In one of his cases the silk bags were recovered 
in the feces five days after they were taken into the stomach. 

The preservation of the nuclei, with the test properly carried out, 
does not necessarily imply complete absence of the pancreatic secretion. 
In a case of fatty diarrhea with achylia gastrica the nuclei were not 
digested, but Spooner and Pratt demonstrated trypsin in the stomach 
by Volhard's method. If with the nuclei test one can recognize cases 
in which there is a deficient secretion of pancreatic juice, the value 
of the method will not be diminished but enhanced. As already stated, 
there are few cases of pancreatic disease in which total absence of pan- 
creatic secretion occurs, and these are readily diagnosticated. 

In 1906 Schmidt described cases in which he maintained that there 
was functional pancreatic achylia. 

Pratt also concurs with the view that there are cases of func- 
tional pancreatic hypochylia. 

According to Sladden, it seems probable that if diarrhea can be ex- 
cluded a positive outcome of the test may be of help, but a negative 
result is hardly to be trusted ; a positive result, moreover, is only likely 
to be obtained when the pancreas is practically completely out of action. 

Fronzig modified the Schmidt test by using the nucleated red cells 
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of the blood of a goose as a source for his nucleoprotein, mixing the 
defibrinated blood with barium sulphate, which acts as an indicator 
in the feces which have to be searched for undigested red corpuscles. 
It is noteworthy that Wohlgemuth, von "Westemijk, and Glaessner and 
Popper have all denied the presence of a nucleolytic ferment in the 
pancreatic juice, but Fronzig's work seems to contravene this denial 
(Sladden) . 

The Schmidt nuclear test has not lacked critics who have attributed 
some digestive power or nuclear tissue to intestinal and even to gastric 
juice, not to mention bacterial agencies. At the Johns Hopkins Hos- 
pital it has been possible to apply a crucial test, so to speak, to the prob- 
lem involved by making observations on a patient known to have a 
complete absence of pancreatic secretion in the intestinal tract. Atchley 
added thymus gland, one of the tissues richest in nucleoprotein, to the 
food of the patient, and estimated the urinary output of uric acid. In- 
asmuch as the metabolism of the purins derived from the digestion of 
nucleoproteins leads to a prompt increase in the production of uric acid 
which is readily demonstrated in a healthy subject, this factor can be 
used to ascertain whether the nuclear tissue has been digested and the 
purins have been made available in the gastro-intestinal tract. That 
this conversion actually occurred in the absence of both bile and pan- 
creatic juice in Atchley 's patient was attested by the marked rise in 
uric acid excretion following the ingestion of 150 grams of thymus as 
a supplement to a purin-free diet. The exogenous output of uric acid 
exceeded the endogenous level by more than half a gram. This demon- 
stration of the digestion of thymus nuclei with the production of uric 
acid independently of the pancreatic secretion, together with a negative 
result of the Schmidt test in the same case and in many others reported, 
** definitely points out the worthlessness of the Schmidt nuclear test for 
pancreatic function." 

Analysis of Urine. — 1. Diastase (Amylase) in the Urine. — ^Wohl- 
gemuth has shown that laceration of the dog's pancreas gives rise to a 
rapid and marked increase in the quantity of diastase in both blood 
and urine. The method he employed required twenty-four hours for 
its completion, which is a great disadvantage in the study of human 
cases, and he has, therefore, so modified it that the result may be ob- 
tained in one-half hour. Using this method with normal human sera 
(150 cases), Wohlgemuth and Noguchi found the normal value to be 
8 to 16 ; the highest normal value found was 32. Thus, if a lesion of the 
pancreas is suspected in a patient who has received a severe blow on the 
abdomen, a value of 64 greatly strengthens the supposition. 

Marino reports a quantitative study of urinary diastase in various 
diseases. He used the method of Wohlgemuth. The author finds (1) 
that the excretion of diastase in the urine is greatly lessened in nephritis 
and in diabetes mellitus. (2) In pancreatic disease the urinary diastase 
is increased in quantity. This, the author believes, is a very important 
sign of pancreatic disease. (3) As a functional test of the kidney, the 
quantitative estimation of diastase is valuable. (4) In pernicious anemia 
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and in secondary anemia, the diastase of the urine is markedly decreased. 
The diminution seems to be greater in pernicious than in secondary 
anemia, though the number of cases studied was too small to formulate 
a rule. 

In making determinations of the diastatic ferments in the urine, 
according to Wohlgemuth 's method, Neumann calls attention to the fact 
that reliable estimations should be based upon the twenty-four-hour out- 
put. The total diastatic ferment amount, per diem, varies much with 
the same individual and appears to be influenced by psychic factors rather 
than by changes in the diet. Generally the diastatic power of the 
blood-serum is less than that of the urine. This is found to be definitely 
decreased in diabetes mellitus, the amount of reduction being of some 
prognostic value. It is also diminished in pernicious anemia, Basedow's 
disease and in some forms of nephritis. The notable increase in pan- 
creatic disease is of real diagnostic worth. There is a slight increase 
in urinary diastase and in some febrile conditions. Investigations car- 
ried out in a number of other diseases showed no great deviation from 
the normal. 

The work of Wohlgemuth has been confirmed by Corbett, Yvon, No- 
guchi, and others. Hirschberger found a large amount of diastase in 
the urine of two cases of pancreatitis, and Wynhausen in two cases of 
cancer of the pancreas. 

In our experience, the determination of amylase in the urine by the 
method of Wohlgemuth throws very much light on the condition of the 
pancreas. In obstruction of the duct of Wirsung either by cancer, gall- 
stone, enlarged glands, etc., the amylase of the urine is much increased 
in output. In organic disease of the pancreas, a similar state of affairs 
exists. 

Amylolytic ferment is present in definite quantity, 6.6 to 8 units, 
according to Stocks in the blood-serum and urine of all healthy indi- 
viduals, and has also been found in all the body fluids examined. The 
level is practically constant in the blood-serum. The level in the urine 
is subject to diurnal variations due chiefly to the digestive functions. 
The ferment is of pancreatic origin and is absorbed directly by the 
blood. No proof of the action of antiamylase has been found. Disease 
of the kidneys causing any diminished permeability of these organs re- 
duces the amount of ferment in the urine and consequently raises the 
amount in the blood. Any disturbance in the ratio D (blood) : D and M 
(urine) indicates renal insufficiency in all such cases. Severe passive 
congestion also raises the amount of amylase in the blood. With these 
exceptions any increase of the ferment in the blood-serum denotes pan- 
creatic mischief. The values have been found raised by Stocks in all 
cases of pancreatic disease, the increase depending on the degree of 
obstruction in any part of the gland or its ducts, and on the acuteness 
of the condition. The highest values were found in a case of acute pan- 
creatitis. The estimation of the amylolytic capacity of the blood-serum 
and the urine is a most delicate test of the efficiency of the pancreas, 
and consequently is a most delicate and reliable test for disease of the 
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pancreas. A simplified modification of "Wohlgemuth 's method was used 
by Stocks in his work. 

According to Schleicher the value of the various methods of testing 
the external secretion of the pancreas is still sub judice. In order to 
determine the reliability of the various tests, the author has employed 
the most popular methods in 22 instances in which the external pan- 
creatic secretion seemed to be abnormal. The methods of Gross and 
Miiller for the detection of trypsin and the diastase test of "Wohlgemuth 
are reliable; the nuclein test of Schmidt, however, is less trustworthy. 
A definite opinion concerning the methods of "Winternitz and Ehrmann 
cannot as yet be given. The oil-breakfast of Boldyreflf-Volhard furnishes 
reliable results. On the other hand, the test of Schlecht and 
the glutoid capsules of Sahli gives less reliable results. The methods of 
Gross and Wohlgemuth may be recommended for acute cases ; here the 
qualitative and quantitative demonstration of trypsin and diastase in 
the feces as well as in the urine must be made. Both tests are very re- 
liable ; they alone will evince the degree of functional pancreatic activity. 
Other tests may be employed to corroborate the findings obtained with 
the Gross and Wohlgemuth methods. 

Qiuintitative Determination of Amylolytic Activity. — WfOhlgemuth's 
Method (as described by Hawk) : 

Arrange a series of test-tubes with diminishing quantities of urine, 
introduce into each tube 5 c.c. of 1 per cent, solution of soluble 
starch and place each tube at once in a bath of ice-water. "When all 
the tubes have been prepared in this way and placed in the ice-water 
bath, they are transferred to a water-bath or incubator and kept at 
38® C. for from 30 minutes to an hour. At the end of this digestion 
period the tubes are again removed to the bath of ice-water in order 
that the action of the enzyme may be stopped. 

Dilute the contents of each tube to within about ^2 inch of the top, 
with water, add one drop of a N/10 solution of iodin and shake the tube 
and contents thoroughly. A series of colors ranging from dark blue 
through bluish-violet and reddish-yellow to yellow, will be formed. The 
dark blue color shows the presence of unchanged starch, the bluish- 
violet indicates a mixture of starch and erythrodextrin, whereas the 
reddish-yellow signifies that erythrodextrin and maltose are present and 
the yellow solution denotes the complete transformation of starch into 
maltose. Examine the tubes carefully before a white background and 
select the last tubp in the series which shows the entire absence of all 
blue color, thus indicating that the starch has been completely trans- 
formed into dextrins and sugar. In case of indecision between two 
tubes, add an extra drop of the iodin solution, and observe them again, 
after shaking. 

Calculation, — The amylolytic activity of a given solution is expressed 
in terms of the activity of 1 c.c. of such a solution. For example, if it 
is found that 0.02 c.c. of an amylolytic solution, acting at 38° C, com- 
pletely transforms the starch in 5 c.c. of a 1 per cent, starch solution 
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in 30 minutes, the amylolytic activity of such a solution would be ex- 
pressed as follows: 

D = 250 

This indicates that 1 c.c. of the solution under examination possesses the 
power of completely digesting 250 c.c. of 1 per cent, starch solution in 
30 minutes at 38° C. 

2. Cammidge Reaction. — The reaction of Cammidge, about which 
so much has lately been written, does not seem to be so successful in 
the hands of others as in those of the author. Cammidge says: **My 
experience with the improved method has been most satisfactory, for 
in every case where pancreatitis has been found to be present, the urine 
has given more or less marked reaction, corresponding to the extent of 
the lesions. Normal urines have given no reaction, and control cases 
. . . where there was no pancreatic lesion, have also proved negative." 

In careful studies recently reported by Wilson, Kenney, Whipple, 
and others, little value is accorded the test. Wilson, reporting on 534 
tests from Mayo's clinic, says: *'The end results, judged by Mr. Cam- 
midge's own criteria, must be considered as a means of diagnosticating 
disease of the pancreas, as both valueless and misleading. There is no 
apparent clinical relationship between disease of the pancreas and any 
of our various types of end reaction." 

Kinney, reporting from Deaver's service in the German Hospital, 
Philadelphia, says: **Very little dependence can be put upon a 
negative reaction, and a positive reaction can only be considered of value 
as a confirmatory examination." 

Cammidge examined 1500 samples of urine derived from 1475 eases, 
with special reference to this reaction. Of 17 cases of acute and sub- 
acute pancreatitis, 13 gave a positive pancreatic reaction. Six of these 
at operation showed an acute inflammation. In 3 the pancreatitis had 
been the sequel to an attack of mumps. In 859 cases of chronic pan- 
creatitis the reaction was obtained 364 times; 40 times in 60 cases of 
stone in the common duct; 18 times in 7 cases of stone in the gall- 
bladder; 4 times in 10 cases of growth in the common duct; 103 times 
in 194 cases of intestinal catarrh; 42 times in 53 cases of catarrhal 
jaundice ; 27 times in 50 cases of duodenal ulcer ; 5 times in 47 cases of 
gastric ulcer; 8 times in 13 cases of sprue; 4 times in 6 cases of per- 
nicious anemia; 2 times in 11 cases of tuberculosis; 6 times in 8 cases 
of typhoid fever ; and 14 times in 21 cases of cirrhosis of the liver and 
pancreas. All of these conditions Cammidge considered as causes of 
chronic pancreatitis. In 4 cases of pancreatic calculi the reaction was 
obtained 3 times : twice in 4 cases of pancreatic cyst and once in a case 
of pancreatic infantilism. In 73 cases of cancer of the pancreas 24 
positive reactions were obtained. In a miscellaneous group, 461 of the 
467 cases gave a negative pancreatic reaction. In the last group are 
specimens of urine from 50 presumably healthy individuals, none of 
which gave a positive pancreatic reaction. Cammidge believed that his 
experience in these five years confirmed the claim that he made — ^that the 
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reaction is clinically useful in its improved form. He did not think that 
it was pathognomonic or that taken alone it would enable one to form a 
correct opinion in every instance. But he did think that when the 
results of the examination of the urine were considered in conjunction 
with the clinical symptoms and an analysis of the feces, a trustworthy 
diagnosis might be arrived at in nearly every case of pancreatic dis- 
ease. As to the nature of the reaction, it is probably due to the de- 
struction of some substance with a glyconudeoprotein content which 
yields a pentose on hydroljrsis, and since the percentage of pentose in 
the dry weight of the pancreas is nearly five times as great as in any 
other organ of the body, and is more easily combined and more readily 
set free than the corresponding sugar in other tissues, the reaction is 
obtained with much greater frequency and more constantly in lesions 
inyolving active degenerative changes in that organ than in others. A 
strongly positive reaction cannot be accepted as a conclusive indication 
of pancreatic infection. Cirrhosis of the pancreas will not give rise to 
the reaction unless there is also some active inflammation going on at 
the same time. So, too, in cancer of the pancreas, there is usually no 
reaction, for no destruction of gland substance takes place unless sec- 
ondary inflammation sets in. 

To perform the Cammidge test, the following procedure may be fol- 
lowed : A twenty-four-hour specimen of urine is collected and preserved 
with thymol or toluene, or chloroform. It is filtered, and the filtrate 
tested for albumin and for glucose. If albumin is present, the urine is 
boiled and acidified and the precipitated protein is filtered off, the test 
of Cammidge being performed on the filtrate. If glucose is present, the 
urine is fermented for 12 to 24 hours, in order to get rid of the glucose, 
filtered and tested. If both substances are present, a combination of 
the above processes should be resorted to. 

After the urine is made protein- and glucose-free, it is treated as 
follows: 20 c.c. of the clear, filtered urine are placed in a small flask, 
covered with an inverted funnel to act as a condenser, and 1 c.c. of 
strong hydrochloric acid is added. It is now boiled for 10 minutes on 
a sand bath. The boiling should not be too vigorous, and the flame 
should be turned low for the greater part of the time. 

The flask is now cooled in cold running water, and brought up to 
20 c.c. with distilled water. Four grams of lead carbonate are now 
slowly added, and shaken, at first gently and then more thoroughly. The 
shaking should be repeated at intervals until no more carbon dioxid is 
evolved. The contents of the flask are now filtered through a moistened 
filter paper. 

Four grams of powdered basic lead acetate are added. The mixture 
18 thoroughly shaken for some minutes, and allowed to stand. It is filtered 
through a moistened filter paper. 

To the clear, colorless filtrate 2 grams of powdered sodium sulphate 
are added and well shaken for several minutes ; it is slowly brought up 
to the boiling point on a sand bath, shaking from time to time. The ex- 
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cess of lead is now removed, and it is important that the heating and 
shaking be done carefully. 

The mixture is cooled and filtered. Ten c.c. of filtrate are meas- 
ured and 8 c.c. of water added. To this are added 8 grams of phenyl- 
hydrazin hydrochlorid, 2 grams of sodium acetate and 1 c.c. of 50 per 
cent, acetic acid. The mixture is boiled in a flask with a funnel con- 
denser on a sand bath for 10 minutes. It must not boil too vigorously. 
It is filtered hot through a moistened filter paper, and brought up to 
15 c.c. with hot distilled water. It should be allowed to stand for 4 or 5 
hours at room temperature or in the ice-box. 

If the test is positive, typical osazone crystals are produced which 
are more circular and tuft-like than the glucosazone crystals. The crys- 
tals are soluble in 33 per cent, sulphuric acid. 

Loewi's Adrenalin Test. — ^Loewi, in 1908, found in a series of animal 
experiments relative to diabetes and pancreatic function that adrenalin 
chlorid in a strength of 1-1000, when instilled into the conjunctival sac 
of dogs and cats normally caused mydriasis. In animals, however, from 
which the pancreas had been removed, thus setting up a complete pan- 
creatic insufficiency, mydriasis occurred constantly, in from 24 to 65 
hours after operation. In another series of dogs in which the pancreatic 
juice was diverted through an external fistula no mydriasis occurred, 
even after many months. From this Loewi concluded that mydriasis 
was the result of the failure of the internal secretion of the gland. Of 
the basis of further experiments in dogs in which diabetes had been 
established, he concluded that the internal secretion had at least two 
independent functions, the glycogenic function and the adrenalin func- 
tion. His argument in explanation of the phenomenon of mydriasis is 
that the pancreas furnishes through its internal secretion a chemical 
substance which is a depressor, or inhibitor of the sympathetic nervous 
system. So, when adrenalin, which is a sympathetic excitant, is in- 
stilled into the normal eye, the sympathetic nerves supplying the ciliary 
muscle are stimulated, but not strongly enough to overcome the pan- 
creatic inhibition. If by reason of disease this inhibitory control of 
the pancreas is vitiated or lost, adrenalin is unobstructed or less ob- 
structed in its action and causes mydriasis. 

Whether this hypothesis of Loewi is the true explanation of the phe- 
nomenon or not, is open to question. In view of the present uncertainty 
regarding the antagonism of pancreas and adrenals, and indeed the in- 
fluence of all glands of internal secretion upon one another, one perhaps 
should be slow to accept it. At least, however, no more rational theory 
than Loewi 's has come to our notice. Loewi found that normally the 
human eye did not react to adrenalin. He tried the reaction in 48 clin- 
ical cases embracing such conditions as carcinoma, nephritis, tubercu- 
losis, pneumonia, rheumatic fever, and diabetes. In 36 there was a 
dilatation of the pupil averaging one millimeter. His series included 
18 cases of diabetes, of which 10 had mydriasis, and 3 cases of Graves' 
disease, all of which reacted positively. This latter result Loewi ex- 
plained on the ground of a hyperactivity of the sympathetic system 
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in hyperthyroidism, which is in excess of the pancreatic depressor 
influence. One writer, Cords, has since accounted for mydriasis in the 
presence of exophthalmos on the basis of a corneal inflammation, leading 
to a more rapid absorption of the drug. 

Since Loewi published his paper in 1908 there have been compara- 
tively few reports in the literature of experience with the test. It is 
looked upon with favor by several English clinicians, notably Garrod, 
Humphrey and Sladden. Zak, in Germany, found it undependable as 
a pancreatic guide; he obtained positive results in many cases with 
lesions of the stomach, intestine and peritoneum. 

Sladden, however, at St. Bartholomew's Hospital, in a series of 51 
tests found 11 positive cases. Of these 11, in 5 pancreatic disease was 
demonstrated, in 4 it was probable, in 1 there was exophthalmic goiter, 
and in the last one only it was excluded at operation. On the basis 
of this experience Sladden writes that "the adrenalin reaction is asso- 
ciated with pancreatic disease, and with lesions closely associated with 
the pancreas either anatomically or physiologically so frequently as to 
render the phenomenon worthy of serious attention as a guide to diag- 
nosis. 

Decker, working in the author's laboratory, found that of 500 cases, 
which covered a wide range of injury and disease, there were 18 posi- 
tive reactions, only 2 of which were known to have pancreatic lesions: 
(1) a case of carcinoma of the pancreas; (2) chronic pancreatitis asso- 
ciated with gall-stones. On the other hand, in cases known deflnitely 
to be pancreatic, there were seven negative reactions distributed as 
follows : carcinoma, 5 ; cyst, 1 ; lymphangitis, 1. 

It might be of interest to note on account of the etiological relation- 
ship which is thought to exist between gall-bladder and pancreatic dis- 
ease that in 15 gall-bladder cases there were 3 positive reactions. In 
only one of these was the pancreas involved. 

From this record it is apparent (1) that the reaction is not pathogno- 
monic of pancreatic disease ; (2) that it is absent in cases which by other 
methods are proved to have pancreatic lesions. Whether or not in 16 
of the 18 positive cases there was an associated pancreatic lesion, it is 
impossible to tell without a doubt. At least, judging either by clinical 
history, physical examination, tests of the urine or stools, or intra- 
abdominal examination at the time of the operation, there was no definite 
evidence of pancreatic disturbance. 

The technic of the test is as follows: Three drops of adrenalin 
chlorid solution 1-1000 are instilled into one conjunctival sac, the other 
eye being used as control, and followed in five minutes by three more 
d^ops, the point being to fill the conjunctival sac. Aside from a slight 
smarting for a few seconds, the patient suffers no discomfort, and 
no subsequent harmful effects. Dilatation of the pupil should occur 
within an hour if the test is positive. The amount of enlargement varies 
from less than a millimeter to complete pupillary dilatation and seldom 
occurs in less than a 15-minute period. The length of time taken for 
action seems to be dependent on the facility with which the adrenalin 
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is absorbed rather than the amount used. Care must be takm to avoid im- 
paired and inflamed eyes. 

Carbohydrate Tests. — ^Alimentaby Glycosuria. — The patient is 
given 100 grams of glucose, dissolved in tea or water, two hours after 
breakfast, and the urine is examined for sugar every two hours until 
six hours have passed, and also at the end of twenty-four hours. 

In cases where the pancreas is suspected of being the seat of dis- 
ease, a positive result with this test will accentuate the suspicion, but 
should not be taken as a pathognomonic sign of pancreatic involvement. 



BIBLIOGRAPHY 

General References 

Albu. Beitrag znr Diagnostik der inneren und chirurgischen Pancreaserkrankun- 

gen. 1911. 
Camiodge. Glycosuria and allied disorders. 1913. 

The Feces of children and adults. 1915. 

Frank. Arch. f. Verdauungskr., 1912, xviii, 367. 
Glaessner. Ergebn. d. inn. Med. u. !^nderh., 1910, vi, 29. 
KOBTE. Die chirurgische Krankheiten des Pancreas. 1898. 
Opie. Diseases of the pancreas. 1903. 
OsER. NothnagePs "Practice." 1903. 
ROBSON AKD CAi£i£nx}E. Surgery of the pancreas. 1913. 
ScHifnxr AND Strassburoer. Die Faeces des Menschen, 1911. 
Sladden. Quart. Jour. Med., 1914, vii, 455. 

Analysis of Duodenal Contents 

VON Barth-Wehrenai/t. Intemat. Beitr. z. Path. u. Therap. d. Emahrungsstor., 

1910, i, 530. 
Crohn. Am. Jour. Med. Sc, 1913, cxlv, 393. 

Chase and Mters. Arch, of Int. Med., 1913, zii, 528. ^ 

EiNHORN. Berl. klin. Wchnschr., 1910, xlvii, 522. 
EiNHORN AND RosENBLOOM. Arch. of Int. Med., 1910, vi, 666. 
Frank. Arch. f. Verdauungskr., 1912, xviii, 367. 
G^ss. Deutsch. Arch. f. klin. Med., 1912, cviii, 106. 
Hess. Arch. Int. Med., 1912, x, 37. 

JuNOHANS. Zentralbl. f. d. ges. Physiol, u. Path. d. Stoffwechs., 1911, 49. 
Kahn. Surg., Gynec. and Ohst., 1917, xxiv, 333. 
Kleinberoer. Berl. klin. Wchnschr., 1909, xlvi, 2329. 

Analysis of Regurgitated Duodenal Contents hy Examination of Stomach 

Contents 

BOLDYREFF. Arch. f. d. ges. Physiol., 1908, cxxi, 13. 

Russk. Vratch, 1904, iv, 39. 

V. Ehrmann. Berl. klin. Wchnschr., 1912, xlix, 1363. 

Ztschr. f. klin. Med., 1910, Ixix, 319. 

Landau and Reasnicki. Ibid., 1916, Ixxx, Nos. S, 4, 307-350. 

Long and Muhlbmann. Arch. Int. Med., 1914, xiii, 314. 

Mahlenberg. Ztschr. f. d. ges. Physiol, u. Path. d. Stoffwechs, 1909, iv, 643, 689. 

MiCHAiLOW. Arch. f. Verdauungskr., 1912, xviii, 273. 

Spencer, Meyer, Rehpuss and Hawk. Am. Jour. Physiol., 1916, xzxix, 459. 

Volhard. Miinchen. med. Wchnschr^ 1907, liv, 403. 



PANCREATIC FUNCTION TESTS 91 



Analysis of Feces for Pancreatic Ensymes 

Balint and Molnab. Berl. klin. Wchnschr., 1910, xlvii, 1620. 

Gross. Deutsch. Arck. f. klin. Med., 1912^ cviii, 106. 

Hawk. Arch. Int. Med., 1911, viii, 382, 652. 

HiBSCHBERO. Deutsch. med. Wchnschr., 1910, li, 1992. 

HuAYAMA. Ztschr. f. exper. Path. u. Therap., 1911, viii, 624. 

LiFSCHUTZ. Arch. f. Verdauungskr., 1913, xix, 662. 

Matko. Ibid., 1913, xix, 662. 

MULLEB AND ScHLECHT. Med. Klin., 1909, V, 673, 618. 

Oppenheiheb. Die Fermente, 1911. 

ROTKY. Miinchen. med. Wchnschr., 1913, Ix, 2168. 

SCHLECHT AND WiENS. Zentrslbl. f. inn. Med., 1909, 12. 

Staniek. Med. Klin., 1910, vi, 1023. 

Weizberg. Arch. f. Verdauungskr., 1911, xvii, 633. 

WOHLOEiiUTH. Biochem. Ztschr., 1912, xxxix, 302, 324. 

Wynhausen. Berl. klin. Wchnschr., 1909, xlvi, 1406. 

ZucGOLA. Riforma med., 1913, xxix, 393. 

Ajsotorrhea as Test for Pancreatic Insufficiency 

Babboub. Arch. Int. Med., 1911, viii, 6, 662. 
Bbuqsch. Deutsch. med. Wchnschr., 1909, 2307. 

Ztschr. f. klin. Med., 1906, Iviii, 618. 

Camhidoe. Practitioner, 1914, xcii, 621. 
Deaveb. Jour. Am. Med. Assn., 1911, Ivi, 1079. 
Delfino. Deutsch. Ztschr. f. Chir., 1913, cxxi, 280. 
V. Ehbicann. Berl. klin. Wchnschr., 1912, xlix, 1363. 
Gboss. Ergebn. d. Wissensch. Med., 1911. 
MOSENTHAL. Arch. Int. Med., 1912, ix, 339. 
Pbatt. Am. Jour. Med. Sc, 1912, cxliii, 313. 
TiLESTONE. Arch. Int. Med., 1912, ix, 626. 

• 

Steatorrhea as Test for Pancreatic Insufficiency 

BiTTOBF. Deutsch. med. Wchnschr., 1912, xxxviii, 1034. 

Bbight. Tr. Med.-Chir., Edinburgh, 1833, xviii, 1. 

Bbugsch. Deutsch. med. Wchnschr., 1909, 2307. 

COHN and Peiseb. Ibid., 1912, ii, 60. 

V. Ehbhann. Berl. klin. Wchnschr., 1912, xlix, 1363. 

V. Ehbhann and Kbuspe. Ztschr. f. klin. Med., 1913, Ixxviii, 122. 

Palta. Ztsdhr. f. klin. Med., 1910, Ixxi, 17. 

Ganod and Hubtley. Quart. Jour. Med., 1912, vi, 242. 

Jansen. Arch, di Pharmak., Specim., 1913, xiii, 16. 

Keuthe. Berl. klin. Wchnschr., 1909, xlvi, 47. 

MuLLEB. Ztschr. f. klin. Med., 1887, xii, 46. 

Pbatt. Am. Jour. Med. Sc, 1913, cxliii, 313, 

Salomon. Deutsch. Klin, xii, 633. 

Taubeb. Arch. f. Verdauungskr., 1912, xviii, 627. 

Webtheimeb. Ztschr. f. klin. Med., 1912, Ixxvi, 67. 

ZOJA. Morgagni, 1898, xl, 617; 1899, xii, 1. 

Creatorrhea as a Test for Pancreatic Insufficiency 

Ferbetba. Cited by Frank, Arch. f. Verdauungskr., 1912, xviii. 
Pba-ft. Am. Jour. Med. Sc, 1912, cxliii, 313. 
Sahli. Deutsch. med. Wchnschr., 1897, xxiii, 7. 
Deutsch. Arch. f. klin. Med., 1898, Ixi, 445. 



92 FUNCTIONAL DIAGNOSIS 



Schmidt CeU-Suclei Test 

Atchlet. AtcIl Int. Med^ 1915, xir, 654. 

hAUsfjVU. Arch. Int. Med., 1911, viii, 5, 662. 

YmsziG. Ztecbr. £. kiin. Med., 1913, Ixxtu, 40. 

Olakssxeb axd Poppeb. Deutsch. Areh. £. klin. Med., 1909, xdv, 4BL 

KAAiUVTAvo. Ibid,, 1911, civ, 584. 

ScHuii/r. Ibid., 1906, Ixxxvii, 456. 

Muncben. med. Wchnsehr., 1909, Ivi, 1803. 

Vak Weotexbuk. Ztsch. f. exper. Path. u. Tberap., 1910, 8. 
WouLCEJCUTH* Beil klia. Wchnsehr., 1910, xlvii, 92. 

Analysis of Urine, Diastase Test 

COHTSTHZIU, Arch. f. path. Anat. u. Physiol., 1863, xxviii, 241. 

Cole. Jour. Phys., 1904, xxx, 202. 

(JOKBETT. Quart. Jour. Med., 1913, vi, 35L 

Oeyelik. Arch. Int. Med., 1914, xiii, 96. 

Stocks. Quart. Jour. Med., 1916, ix, 180. 

Wallis. St. Bartholomew's Hosp. Rep., 1914, xlix. 

Wohlgemuth and Noguchi. Berl. klin. Wchnsehr., 1886, xxiii, 34. 

Analysis of Urine, Cammidge Reaction 

Cakmidge. Lancet, 1904, 1, 782. 

Cabo akd Wobneb. Berl. klin. Wchnsehr., 1909, xlvi, 359. 

Deaveb. Jour. Am. Med. Assn., 1911, Ivi, 1079. 

EiciiLEB AND Schibokaueb. Berl. klin. Wchnsehr., 1909« xlvi« 352. 

Evans. Jour, of Physiol., 1912, xliv, 220. 

Glaessneb and Siegel. Ibid,f 1904, xli, 440. 

Hagen. Beitr. z. klin. Chir., 1909, Ixi, 3. 

Kehb. Mtinchen. med. Wchnsehr., 1909, xlvi, 1062. 

Kobte. Ann. Surg., 1912, iv, 23. 

Langeb. Wien. klin. Wchnsehr., 1913, xxvi, 9. 

LiBEBTiNi. Riv. crit. di Clin, med., 1912, xi, 161. 

Maa88. Med. Klin., 1909, v, 177. 

Mayesina. Mitt. a. d. Grenzgeb. d. Med. a. Chir., xxv, 403. 

PiLCHEB. Ann. Surg., 1910, li, 88. 

Roth. Ztschr. f. klin. Med., 1909, Ixvii, 222. 

Slaoden. St. Bartholomew's Hosp. Rep., 1914, xlix, 19. 

Loetoi's Adrenalin Test 

Cobds. Die Adrenalinmydriasis. Wiesbaden, 1911. 

Deckeb. Bull. Allegheny County Med. Soc, 1916; Boston Med. and Surg. 

Jour., 1917, clxxvi, 867. 
Glet. Intemat. Cong. Med., 1913, Section on Medicine, J., 44. 
LOEWi. Arch. f. exper. Path. u. Pharmak., 1908, lix, 83. 
PfiKBEBTON and Swbet. Arch. Int. Med., 1912, x, 169. 



CHAPTER in 
LIVER FUNCTION TESTS 

Carbohydrate tolerance tests, p. 94 — Urinary nitrogen partition, p. 99 
— ^Urobilinogen excretion, p. 106 — Methylene blue test, p. 113 — 
Phenoltetrachlorphthalein test, p. 113 — Fibrinogen test, p. 116 — ^The 
total non-protein nitrogen, urea nitrogen and amino-acid nitrogen 
of the blood, p. 118 — Non-protein nitrogen, p. 119 — Urea nitrogen, 
p. 120 — Amino-acid nitrogen, p. 121 — ^Lipase of the blood, p. 121 — 
Ghedini's ferment test, p. 124 — The flbrinol3rtic ferment of the blood, 
p. 124 — Sulphoconjugation test, p. 124 — ^The glycuronic conjugation 
test, p. 132— The hippuric acid conjugation testy p. 132. 

In order to study the fonctional activity of an organ, it has been 
customary to apply certain specific tests to the individual functions of 
that organ. Thus if an organ has several functions, tests are applied 
to one of these functions, and conclusions are drawn therefrom as 
to the capability of the organ to perform all of its offices. This has 
been especially the case in the investigation of the condition of the 
liver 

The liver has a multiplicity of duties to perform in the body, all of 
which are of essential importance. It is probable that each individual 
cell of the hepatic structure takes part in all of the liver functions ; it 
is also possible that different portions of the liver lobule, and different 
conglomerations of the liver lobules may have specific functions. Ia 
the former ease it is most likely that a reduction in the ability of the 
liver to perform one function will be accompanied by a proportional 
reduction in all the liver functions ; in the latter case, one or more func* 
tions of the liver may be disturbed without affecting the other hepatic 
functions. 

In order to appreciate the various methods for determining the liver 
functions, it is best to enumerate the different functions of the liver: 

« 

1. Secretion of bile. 

2. Relation to carbohydrate metabolism. 

(a) Glycogen formation. 

3. Relation to nitrogen metabolism. 

(a) Formation of the urea. 

4. Detoxification function. 

(a) Formation of the conjugate sulphates and glycnro- 

nates. 

(b) Withholding of toxins and poisons. 

5. The decomposition of the erythrocytes. 

6. The formation of fibrinogen. 

7. The formation of antithrombin. 
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The methods for the study of the liver faneti<His are severaL These 
tests can be classified in the following way: 

1. A study of the carbohydrate tolerance of the liver; this will 

include the tests of general carbohydrate metabolism, tests 
of tolerance for special carbohydrates ; for example, Bauer's 
galactose test, Strauss 's levulose test, etc. 

2. A study of the nitrogen excretion in the urine, including 

the urea, amino, and ammonia nitrogen fractions. 

3. The urobilinogen excretion in the urine. 

4. Analysis of the fibrinogen of the blood, which was found to 

disappear from the blood after liver extirpation. 

5. A study of lipase and fibrinol3rtic ferments of the blood. 

6. The phenoltetrachlorphthalein test. 

7. The liver conjugation function of toxic substances. 

Oarbohydrate Tolerance Tests. — Strauss in 1898-1900 attempted to 
explain the reason for the conflicting results obtained by the French and 
German schools as to the value of the carbohydrate tolerance studies 
in liver disease. Boger, Achard and Castaigne, Baylac, and Bierens de 
Haan reported that valuable information may be obtained by a study 
of the carbohydrate metabolism in cases of hepatic disease. On the 
other hand, Quincke, Frerichs, von Noord^n, Kraus and Ludwig, Bloch, 
and Miiller obtained results which led them to conclude that there is 
no appreciable change in the sugar tolerance in such patients. Accord- 
ing to Strauss, the contradictory results are due to the methods used 
by the various observers, to the difference in the carbohydrate used, 
and to the quantity of carbohydrate administered. 

In 1873, Legg reported that obstruction of the bile duct prevents the 
appearance of glycosuria after Claude Bernard's piqure. From the 
results of Wittich, Kulz and Frerichs, Cohnheim, Dastre and Arthus, 
and Hergenhahn, it would seem that stagnation of bile is followed by 
a reduction or disappearance of the glycogen from the liver. As Wein- 
traud points out, it does not follow from these experiments that the 
liver does not still form glycogen, but only that it has lost the power of 
storing glycogen. If this reasoning is correct, and is applicable to man, 
it is probable that, under conditions which require the collaboration of 
the liver for the preliminary storing of large amounts of carbohydrates, 
the icteric patient would show more easily than the healthy an alimentary 
glycosuria after a rich glucose intake (Weintraud). 

On an ordinary diet, Kulz and Frerichs failed to find sugar in the 
urine of such patients. Frerichs administered 100 to 200 grams of 
glucose to 19 cases of hepatic disease, and only in two patients (phos- 
phorus poisoning) did he find traces of glucose in the urine. In the 
other seventeen cases, no glucose was present. Roger recorded positive 
results in two cases of catarrhal jaundice and in one of gall-stones. Both 
von Noorden and Strauss never observed glycosuria in jaundiced indi- 
viduals following the administration of 150 grams of glucose on a fasting 
stomach. 
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L^piney in repeating Colrat's investigations (in French literature the 
testing of alimentary glycosuria is generally called epreuve de Colrat), 
fmpposed that not only disturbances of the portal circulation, but also 
any alteration of the liver cells, may be the cause of a glycosuria, owing 
to an insufficient retention of sugar in the liver. He, however, obtained 
positive results only in cases of atrophic cirrhosis, and not in carcinoma 
of the liver or fatty liver. 

The results which others obtained after him may be best observed in 
the following table : 

Table 1. — ^RssumB of Carbohtdrate Tolerance Tests. 





Date 


Atrophic 


Cirrhosis 


Hypertrophic Cirrhosis 




Positive 


Negative 


Positive 


Negative 


L^Dine 


1876 
1876 
1878 
1879 
1879 
1879 
1887 
1889 
1890 
1891 
1891 
1892 
1892 
1895 
1895 
1898 
1898 
1900 
1902 
1902 


3 
2 
2 
2 

5 

2 

1 
3 

2 

2 
2 
1 

2 
13 


4 

1 

2 

1 

4 
3 

1 
7 

1 

10 

8 

11 


1 

1 

11 




Couturier 


^M-W 


Robineaud 


3 


Vaknont 


2 


Hardy 




Vulpion-Reymond 


1 


Roser 


2 


Moscatelli 




Bouchard 





Schapiro 





Kraus and Ludwis 


4 


Bloch 


1 


Surmount 


3 


Colasanti 




Bierens de Haan 


7 


Achard-Castaiffnc 




Strauss 


6 


Naunyn 




BruininiE (dextrose) 


^_^^ 


" (saccharose) 


— - 



According to this table, negative results preponderate in the more 
recent investigations, in which the authors were not convinced of the 
presence of sugar by the mere positive results of the reduction tests. 

1. Saccharose Test op Colrat and op Lupine. — First, 150-200 
grams of saccharose (cane or beet-sugar) are administered to the sub- 
ject on an empty stomach. The urine is collected and each specimen 
is examined by the Benedict solution. If glucose is present in the urine, 
the test is considered positive. ' 

Barton states that a ** weighty theoretical objection is the fact that 
cane-sugar must be converted into glucose in the alimentary tract before 
it can be utilized by the organism, and the power of the intestinal juices 
to produce this conversion is in each case an unknown quantity, and, 
therefore, a source of error.'' 

2. The Levulose Test. — ^In 1899, Sachs recorded that upon extirpa- 
tion of the liver of frogs, there was a lessened tolerance for levuloBe, 
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while the assimilability of other carbohydrates, such as glucose, galactose 
and arabinose was normal. Based upon these experiments, Strauss in- 
troduced the levulose test for hepatic insufficiency. 

Method. — The patient is fasted over night. Then 100 grams of levu- 
lose are administered, dissolved in a glass of water; the urine voided 
for five to six hours after this test-meal is collected and analyzed for 
levulose by the Seliwanoff reagent.* It sometimes happens that patients 
feel nauseated after the partaking of this quantity of levulose and they 
may vomit. 

Strauss concluded from seventy-seven experiments that about 80 per 
cent, of all patients with liver disease react positively to this levulose 
test. He found that only 4.5 per cent, of all hepatic cases show an 
alimentary glycosuria, thus demonstrating the superiority of levulose 
over dextrose as a means of testing liver function. 

Normally the tolerance for levulose is not less than the tolerance 
for glucose. This is true of human beings (Voit, von Noorden), of rab- 
bits (Blumenthal) and of dogs (Schlesinger), so that the meaning of 
alimentary levulosuria in hepatic disease is rather diflBcult of explana- 
tion. From his collective review of literature, Strauss, in 1913, reported 
that positive results with his levulose tests are obtained in the following 
conditions : 

Table 2. Results vhth Levulose Test. 

Normal individuals 15 per cent. 

Congested liver 1 17 " ** 

Hepatic cirrhosis 83 

Syphilitic jaundice 75 

Obstructive jaundice 62.5 



a it 



Hepatic tumors 38 



(< (( 



Rowntree, Marshall and Chesney obtained only two positive results 
with this test in fourteen cases of cirrhosis of the liver. They have tabu- 
lated the results of Strauss, Ferranini, Landsberg, Chajes, von Halasz, 
Hohlweg, von Frey, Churchman, Falk and Saxl and Bruining. 

The table on the following page taken from Rowntree, Hurwitz and 
Bloomfield shows the attitude of various workers concerning the value 
of the levulose test. 

According to this table, it appears that the test is far from satisfac- 
tory, and only relative significance can be attributed to the findings 
both from the diagnostic and prognostic viewpoints. 

3. Galactose Test. — Bauer, in 1906, recommended that galactose be 
used as a test for liver function. Strauss advises that 30 grams of 
galactose be administered in the morning on a fasting stomach, and the 
urine collected for the next five to six hours. The urine is tested for 

* To 5 c.c. of SelWanoff 's reagent (prepared by dissolving 0.05 gram of resorcinoi 
in 100 c.c. of dilute, 1:2, hydrochloric acid) in a test-tube add a few drops of the 
urine and heat the mixture to boiling. A positive reaction is indicated by the pro- 
duction of a red color and the separation of a red-brown precipitate. The latter 
may be dissolved in alcohol to which it will impart a striking red color. 
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Tabu 3. — ^Resui/ts with Levulose Test. 





Normal Livers 


Abnormal Livers 




Author 


Cases 


Positive 


Cases 


Positive 


Remarks 


Strauss 


58 


6 


25 


23 


OonRidprfi test of vahiA. 






Ferranim 


— 


— 


16 


15 


Test preferable to glucose 
test, which showed only 10 
positive. 


Landsberg 


7 


4 


21 


9 


Test is of no importance. 


Chaies 


21 


2 


— 


— 


Thinks that positive find- 
ings are rare in normal 
cases. 




von Halasz 


20 


1 


23 


8 


The 8 positive findings were 
in cirrhosis. Test of value. 


Hohlweg 


— 


— 


30 


9 


Ten cases were chronic con- 
gestion. 


von Frey 


38 


— 


26 

• 


14 


Considering only those posi- 
tive with more than 0.1 
gram sugar in urine. 


Churchman 


9 


12 


10 


Test not conclusive. 


Falkand Saxl 


— 


— 


351 


259 


Collected from hterature. 


BniiPiPK. 


— 


— 


30 


27 


Considers test of value. 







galactose by Fehling's reagent or Benedict's reagent, and more spe- 
cifically by Tollen's reaction.* 

Bauer found that it was of special value in cases of catarrhal 
jaundice, and this has been confirmed by Bondi and Konig, Reiss and 
Jehn, and Hirose. 

Roubitschek studied the galactose tolerance of dogs during phos- 
phorus poisoning. He found that galactosuria occurred with the acute 
degenerative changes produced in the liver cells. He believes it is only 

• To equal volumes of urine and hydrochloric acid (sp. gr. 1.09) add a little 
phloroglucinol, and test the mixture in a boiling water bath. Galactose, pentrose 
and glycuronic acid will be indicated by the appearance of a red color. Galactose 
may be differentiated from the two latter substances in that its solutions exhibit 
no absorption bands upon spectroscopical examination, and that upon oxidation it 
yields uric acid. 
VOL.. IL— 7. 
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the acute conditions injuring the liver parenchyma that interfere with 
the power of the organ to synthesize galactose to glycogen. 

In chronic conditions, cirrhosis, passive congestion, etc., regeneration 
of liver cells may compensate functionally to a sufficient degree to pre- 
vent the occurrence of galactosuria. 

Falk and Saxl, von Frey, and Hirose have observed that this test is 
not constant in diseases of the liver other than catarrhal jaundice. 

Womer and Beiss have compared the levulose and galactose tests 
for liver insufficiency. They declare that when 40 grams of galactose 
are given for the test, an elimination of 3 grams and more must be 
regarded as positively pathologic. Levulose given for this purpose 
must be in the dose of 100 grams, and more than 0.7 grams must be 
eliminated before we can speak of a pathologic output. Alimentary 
levulosuria testifies in a general way to some injury of the liver. Patho- 
logic alimentary galactosuria, on the other hand, testifies to the exist- 
ence of certain definite liver affections and thus permits differential 
diagnosis of catarrhal jaundice, phosphorus poisoning and fatty liver. 
Circumscribed liver affections, gall-stones and cancer do not lower the 
tolerance for galactose unless infection is present. 

Strauss, from a comparative study of the levulose and galactose tests, 
found that the former gave a positive finding more than twice as fre- 
quently as did the latter. In the fourteen cases of hepatic cirrhosis, 
two were found positive with the galactose test (Rowntree, Marshall 
and Ohesney). 

Bloomfield and Hurwitz concluded from their studies of lactose iot- 
erance in chloroform and phosphorus poisoned dogs, that little signifi- 
cance can be attached to carbohydrate tolerance tests (by means ol 
any sugar) as an index of liver function. 

Maliwa tabulates the findings in twelve cases of liver disease, in ten 
of orthostatic albuminuria, and in twenty-one other patients, after inges- 
tion of 40 grams (galactose, fasting. The data demonstrate that intol- 
erance for galactose is by no means an unequivocal symptom of in- 
sufficiency of the liver. The kidneys often have something to do with 
it. When the latter is the case, the galactose elimination begins abruptly 
and in large amounts, dropping off equally abruptly. With insuffi- 
ciency of the liver, the curve of elimination is generally more pro- 
tracted. 

Friedmann and Strouse have drawn the following conclusions from 
their work: **We feel justified in stating that whereas tests for car- 
bohydrate tolerance, when grouped as we have grouped our results 
(see Table 4), may indicate in a general way functional disability of an 
organ under suspicion, the tests can never be interpreted in an abso> 
lutely specific manner. The possibility of implication of other organs 
must always be borne in mind. Functional inefficiency of one gland, 
sufficient to lower the threshold of carbohydrate metabolism, may 
be entirely compensated for by functional hyperactivity of a corre- 
lated gland. Even in apparently clean-cut individual cases the tests 
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Tablb 4. — Gboup-Reactions to Carbohydrate Tests. 



Group 



Liver: 

Cirrhosis 

Cholec3rstitiB pancreatitis 

Cancer liver and pancreas . . . 

Catarrhal jaundice 

Thyroid: 

Simple goiter. 

Hyperthyroidism 

Hypothyroidism 

Hypophysis 

Pluriglandular 

Neurasthenia 

Miscellaneous 



Levulosc 



Number 



6 
6 
2 
4 

5 

18 

3 

7 

7 

33 

30 



Per Cent. 
Positive 



12.5 

66.0 

100.0 

50.0 

0.0 
50.0 

0.0 
43.0 
58.0 
12.0 
10.0 



Dextrose 



Number 



10 
2 
2 
4 

3 

11 

3 

5 

14 

17 



Per Cent. 
Positive 



70.0 
100.0 
100.0 

50.0 

0.0 
63.5 

67.0 
20.0 
28.0 
35.0 



Total 



16 
8 
4 
8 

8 
29 

3 
10 
12 
47 
47 



do not follow the course one might logically expect, and, therefore, in 
doubtful cases their value must remain very limited." 

Urinary Nitrogen Partition. — In the liver certain stages in the in- 
termediary metabolism of protein are completed. The amino-acids are 
broken down to ammonia, which is transformed to urea. As Wein- 
traud says: ''There remains to be investigated whether, in individual 
diseases of the liver, the urine yields any information regarding marked 
disturbances of these relations; likewise whether, instead of the end 
product of protein decomposition- — namely, of urea — intermediary 
products appear which, like ammonia and the amino-acids, may be re- 
garded as precursors of urea, and, finally, whether a lessened activity 
of the liver may be made entirely responsible for this insufficient con- 
version of nitrogenous substances.'' 

In obstructive jaundice the urinary nitrogen partition has been 
usually found to be normal. Such reports were made by Momer and 
Sjoquist, von Noorden and Friedrichsen, von Jaksch, Landau, Halpem, 
Simnitzki and Rodoslowow. 

In cirrhosis of the liver, however, the nitrogen partition has been 
found to be abnormal. The ammonia values in cases of cirrhosis are 
remarkably high. Hallervorden and others obtained high values in com- 
parison with the total nitrogen decomposition. For example, Momer 
and Sjoquist in one case found the total daily nitrogen to be 20.748 
grams, the total twenty-four hours' ammonia to be 2.4 grams, the am- 
monia nitrogen being 9.5 per cent, of the total nitrogen, and the urea 
nitrogen 84.6 per cent. In five cases Fawitzki calculated the ammonia 
nitrogen, on the basis of 100 parts of total nitrogen, as follows: 17.5, 
10.7, 7.6, 10.0, 9.8 parts. Gumlich found 5.7 grams total nitrogen and 
0.86 gram ammonia, the ammonia making up 12.3 per cent., and the 
urea 70 per cent, of the total nitrogen. In von Noorden 's cases the 
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ammonia nitrogen reached 8.5 to 12.6 per cent, of the total nitrogen, 
the normal value being 3 to 5 per cent. One of Schubert 's eases yielded 
ammonia nitrogen constantly over 10 per cent, of that of total nitrogen 
(in one day up to 18.17 per cent.). Such high values are, however, far 
from being usual. Indeed, in the cases of Stadelmann and Weintraud 
there were many which showed absolutely no increase in the ammonia 
output. 

The relative figures found for urea are all below those of the normal 
value — 90 per cent, of the total nitrogen (Landau). In Fawitski's six 
cases the average urea nitrogen values of long series of observations 
were found to be 78.9, 88.4, 87.1, 89.2, 88.8, 89.0 per cent, of the total 
nitrogen; in Munzer's cases, 82.2 and 86.7 per cent.; in Morner and 
Sjoquist's, 84.6, 73.2, and 84.9 per cent. In von Noorden's observa- 
tions, however, the values were 77 to 79 per cent., and in Gumlich's 
cases only 70 to 77.6 per cent. Urea given per os to such patients is 
promptly excreted (Setti and De Stefanio). 

In 1907, Qlaessner showed that in most instances of liver disease, an 
unusually high excretion of amino-acid nitrogen occurred and that the 
ratio of amino-acid nitrogen to total non-protein nitrogen was in- 
creased. On the other hand, Levene and Van Slyke and Yoshida each 
reported two cases of liver cirrhosis in which a normal percentage of 
amino-acid nitrogen existed. 

Falk and Saxl compared several tests to determine disturbance of 
liver function in cases of hepatic disease. For purposes of study they 
have divided affections of the liver into four groups : Group I includes 
tumors of the liver, like cancer, sarcoma, ecchinococcus, amyloid liver, 
leukemia, and chronic passive congestion. The parenchyma is affected 
gecondarily. In Group II they place all infections and intoxications 
(typhoid, pneumonia, tuberculosis, chloroform, alcohol, phosphorus, for 
example). Group III contains those conditions in which the liver may 
bo pathologically affected by the escape of bile from its normal pas- 
ftagoH (icterus from gall-stones, from complete closure of the common 
duct, and from catarrhal conditions). In Group IV are placed the 
atrophic and hypertrophic cirrhosis of the liver. As functional tests, 
Falk and Saxl employed only those of supposedly known value, i.e., 
liWuIoHO, urobilin, and the nitrogenous bodies — amino-acids, poljnpeptids, 
annnonia. Kach of these tests was applied to their cases. The analysis 
of thoir tvhwWh and of those reported in literature shows that a marked 
(Ibturbanco of liver function is disclosed, particularly in cirrhosis of 
tlin llv<T. Nilrogon ratios, urobilin excretion, and tolerance for levulose 
nil rt^ym\ ubnonnalitieH. Such constancy of findings is seen in no other 
iMipalln i\\HmHi\ In Falk and Saxl's cases these disturbances of func- 
fidii np|H««riMl early in the course of the disease. Often it was possible, 
by IIimIIiik urobilinuria, levulosuria, and especially abnormal nitro- 
KKiKiUM nitlnH. to arrive at the correct diagnosis at a stage of the affec- 
tion wIhmi only vagina gastric symptoms were present. In the remain- 
UtU tliHMi ^ronirn tln^ findings were less useful in a diagnostic way. 

Von MoraexowHkl and Ilerzfeld studied the excretion of certain 
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urinary constituents in hepatic disease. Examination of healthy per- 
sons as well as of 4 cases of cirrhosis of the liver, 2 cases of catarrhal 
jaundice, one of diabetes, one of pernicious anemia, one of leukemic 
tumor of the liver and spleen, one of acid intoxication and 2 of chronic 
renal disease showed that, in general, there ensues a certain form of 
excretion in hepatic diseases which resembles the excretory conditions 
while fasting. There is a high degree of uric acid, ammonia and acetone 
excretion. Large amounts of volatile fatty acids and indican are al- 
ways found in the urine. The acetone increase is especially noticeable 
when on a milk regimen. The increase of certain urinary constitu- 
ents runs parallel with a decrease of others. Nitrogen, for instance, is 
markedly decreased. In pernicious anemia and leukemia, uric acid is 
augmented; this, however, is not the case with ammonia, acetone and 
indican. In diabetes, acetone and ammonia are increased ; uric acid and 
the volatile fatty acids are not increased. In acid intoxication the 
volatile fatty acids, ammonia and acetone, are increased, while the ex- 
cretion of uric acid remains about normal. In nephritis nothing of 
import was noted in the excretion of the urinary constituents. Hence, 
in diseases of the liver, all aforementioned substances were increased, 
while in aflPections of the blood but a few of these substances were ex- 
creted in larger amounts. 

In eclampsia the liver is, of course, markedly involved. In such 
conditions, Ewing and Wolf found a high ammonia excretion and a low 
' urea output. Edgar reports similar observations. Van Slyke has re- 
cently pointed out that this is, perhaps, the only constant factor in 
eclampsia. 

The total nitrogen, urea nitrogen, ammonia nitrogen and amino- 
nitrogen of the urine are determined in the following ways : A 24-hour 
specimen of urine is collected, preserved with thymol, and analyzed. 

1. Total Nitrogen. — Kjeldahl Method (Hawk). — Principle, — The 
principle of this method is the conversion of the various nitrogenous 
bodies of the urine into ammonium sulphate by boiling with 
concentrated sulphuric acid, the subsequent decomposition of the am- 
monium sulphate by means of a fixed alkali (NaOH) and the collection 
of the liberated ammonia in an acid of known strength. Finally, this 
partly neutralized • acid solution is titrated with an alkali of known 
strength and the nitrogen content of the urine under examination com- 
puted. 

Procedure. — Place 5 c.c. of urine in a 500 c.c. long-necked Jena-glass 
Kjeldahl flask, add 20 c.c. of concentrated sulphuric acid and about 0.2 
gram of copper sulphate and boil the mixture for some time after it 
is colorless (about one hoUr). If a suitable hood or fume chamber is 
not available the sulphuric acid vapors may be carried away by suction. 
Connect the outlet tube of a 2-3 liter wash bottle filled with caustic 
soda solution with a suction pump. Connect the inlet tube with a 
Folin fume absorption tube. If such a tube is not at hand a small 
funnel may be attached. Place the absorption tube loosely over the 
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month of the digestion flask and pass a constant current of air through 
the apparatus. 

Allow the flask to cool and dilute the contents with about 200 c.c. 
of ammonia-free water. Add a little more of a concentrated solution 
of NaOH than is necessary to neutralize the sulphuric acid and intro- 
duce into the flask a little coarse pumice stone or a few pieces of granu- 
lated zinc, to prevent bumping, and a small piece of paraffin to lessen 
the tendency to froth. By means of a safety-tube connect the flask 
with a condenser so arranged that the delivery-tube passes into a vessel 
containing a known volume (the volume used depending upon the nitro- 
gen content of the urine) of N/10 sulphuric acid, using care that the 
end of the delivery-tube reaches beneath the surface of the fluid. Mix 
the contents of the distillation flask very thoroughly by shaking and 
distill the mixture until its volume has diminished about one-half. 
Titrate the partly neutralized N/10 sulphuric acid solution by means 
of N/10 sodium hydroxid, using congo red as an indicator, and calculate 
the content of nitrogen of the urine examined. 

Calculation. — Subtract the number of cubic centimeters of N/10 
sodium hydroxid used in the titration from the number of c.c. of N/10 
sulphuric acid taken. The remainder is equivalent to the number of 
c.c. of N/10 sulphuric acid, neutralized by the ammonia of the urine. 
One c.c. of N/10 sulphuric acid is equivalent to 0.0014 gram of nitrogen. 
Therefore, if y represents the volume of urine used in the determination, 
and y the number of cubic centimeters of N/10 sulphuric acid neutral- 
ized by the ammonia of the urine, we have the following proportion : 

y : 100 :: y X 0.0014 : x (percentage of nitrogen in the urine 

examined). 

2. Urea Nitrogen. — (a) Marshall's Urease Method. — Procedure. — 
Two 5 c.c. portions of the urine are measured into flasks of 200-300 c.c. 
capacity and diluted with distilled water to about 100-125 c.c. One c.c. 
of a 10 per cent, solution of urease is added to one flask, a few drops of 
toluene to each and the solution allowed to remain, well-stoppered, at 
room temperature over night (or five hours). The fluid in each flask is 
titrated to a distinct pink color with N/10 hydrochloric acid using 
methyl orange as an indicator. A few cubic centimeters of the enzyme 
solution used should also be titrated to determine the amount of N/10 
hydrochloric acid required to neutralize 1 c.c. 

Calculation, — The amount of hydrochloric acid required for the 
contents of the flask containing the urine and enzyme solution, less the 
amount used for 5 c.c. of urine alone and that previously determined 
for 1 c.c. of enzyme solution, corresponds to the urea originally present 
in the sample of urine. Since 1 c.c. of N/10 HCL is equivalent to 
3 ing. of urea, the number of c.c. required, multiplied by 0.6, gives the 
value of urea expressed in grams per'liter of urine. 

(6) Benedict's Method. — The urea is decomposed by heating with 
a mixture of potassium bisulphate and zinc sulphate. The fact that 
the hydrolyzing agent is a salt and that the digestion takes place in 
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the practical absence of water seems to insure less decomx>osition of 
substances other than urea. The ammonia formed is distilled off and 
determined in the usual manner. 

Procedure. — Five c.c. of urine are introduced into a rather wide 
Jena-glass test-tube, about 3 grams of potassium bisulphate and 1-2 
grams of zinc sulphate added, a small quantity of powdered pumice 
and a bit of paraffin are introduced and the mixture boiled almost to 
dryness either over a free flame or by immersion in a sulphuric acid 
bath at about 130® F. The tubes are then weighed (a screw clamp 
is convenient) and immersed for three-fourths of their length in a 
bath of sulphuric acid at a temperature of 162°-165° F. (not lower) 
for one hour. 

The contents of the tube are then washed into an 800 c.c. Ejeldahl 
distillation flask, diluted to about 400 c.c. with water, made alkaline 
by the addition of 15-20 c.c. of 10 per cent. KOH (or 25 c.c. 15 per 
cent. NajCOa) and distilled as usual in the Kjeldahl method. The value 
obtained must be corrected for ammonia by a separate determination of 
the latter. 

3. Ammonu Nitrogen. — Folin's Method. — Principle. — ^The am- 
monia of the urine is set free by the addition of an alkali and this am- 
.monia is then carried over by an air current into a flask containing a 
measured amount of standard acid. The excess acid is then titrated. 
The necessity for distillation is avoided. 

Procedure. — Place 25 c.c. of urine in an aerometer cylinder, 30-40 
cm. in height, add about 1 gram of dry sodium carbonate and intro- 
duce some crude petroleum to prevent foaming. Insert into the neck 
of the cylinder a rubber stopper provided with two perforations, into 
each of which passes a glass tube, one of which reaches below the sur- 
face of the liquid. The shorter tube (10 cm. in length) is connected 
with a calcium chlorid tube filled with cotton, and this tube is in 
turn joined to a glass tube extending to the bottom of a 500 c.c. wide- 
mouthed flask which is intended to absorb the ammonia, and for this 
purpose should contain 20 c.c. of N/10 sulphuric acid, 200 c.c. of am- 
monia-free distilled water and a few drops of an indicator (alizarin 
red or Congo red). To insure the complete absorption of the ammonia 
the absorption flask is provided with a Folin improved absorption tube, 
which is very effective in causing the air passing from the cylinder 
to come into intimate contact with the acid in the absorption 
flask. In order to exclude any error due to the presence of ammonia 
in the air, a similar absorption apparatus to the one just described is 
attached to the other side of the aerometer cylinder, thus insuring the 
passage of ammonia-free air into the cylinder. With an ordinary filter- 
pump and good water-pressure the last trace of ammonia should be 
removed from the cylinder in about one and one-half hours. The num- 
ber of c.c. of the N/10 sulphuric acid neutralized by the ammonia of the 
urine may be determined by direct titration with N/10 sodium hydroxid. 

Calculation. — Subtract the number of c.c. of N/10 sodium hydroxid 
used in the titration from the number of c.c. of N/10 sulphuric acid 
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taken. The remainder is the number of e.c. of N/10 sulphuric acid neu- 
tralized by the NH3 of the urine. One c.c. of N/10 sulphuric acid is 
equivalent to 0.0017 gram of NII3. Therefore, if y represents the vol- 
ume of urine used in the determination and if the number of c.c. of 
N/10 sulphuric acid neutralized by the NH3 of the urine, we have the 
following proportion : 

y: 100::y' X 0.0017: x (percentage of NH3 in the urine examined). 

4. Amino-acu) Nitrogen. — Henriques-Sorensen Method. — Procedure. 
— ^The determination of the amino-acids is carried out as follows: 
The solution to be analyzed, if carbonates, phosphates and ammonia are 
absent, is made neutral to litmus (paper) and the solution titrated with 
formaldehyd as below. In case carbonates, phosphates or ammonia are 
present a preliminary treatment is necessary which will vary according 
to the quantity of ammonia present. 

(1) For Small Amounts of Ammx^nia. — ^Applicable to most urines. 
Fifty c.c. of the material under examination is pipetted into a 100 c.c. 
measuring flask and 1 c.c. phenolphthalein solution and 2 grams of solid 
barium chlorid are added ; the whole is shaken, to saturate the solution 
with barium chlorid ; saturated barium hydroxid solution is added until 
the red color of the phenolphthalein develops and then an excess of 5 
c.c. is added. The flask is filled to the graduation mark with water, 
shaken and permitted to stand for 15 minutes after which it is filtered 
through a dry filter. Eighty c.c. of the clear red filtrate (which cor- 
responds to 40 c.c. of the liquid under examination) are placed in a 
100 c.c. measuring flask, neutralized to litmus and diluted to 100 c.c. 
with freshly boiled water. Equal portions of this solution, 40 c.c. (equiva- 
lent to 16 c.c. of the original solution), may be taken for analysis, one 
for the formal titration and the other for the determination of ammonia 
nitrogen. 

(2) For Large Amounts of Ammonia. — ^After the treatment with 
phenolphthalein, barium chlorid and barium hydroxid, and after the so- 
lution has been diluted to 100 c.c. as in (1) above, the ammonia is dis- 
tilled off, in vacuo. 

In case the solution is deeply colored, as in protein digests, it may 
be necessary to decolorize before the titration is attempted. 

Final Titration. — For the final titration a volume of from 20-40 c.c. 
which contains approximately 0.025 gram of nitrogen is the most de- 
sirable. A control solution is run composed of an equal volume of boiled 
distilled water and 20 c.c. of the formaldehyd mixture. This control 
solution is colored so that its tint matches that of the solution to be 
titrated. 

To this control is added about half the volume of N/5 alkali which 
will be used in the titration of the solution under investigation and it 
is then titrated with N/5 acid to a faint red (first stage). 

An additional drop of N/5 alkali is added, which imparts a distinct 
red to the solution (second stage). 

The solutior to be analyzed is now titrated to the color produced 
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in the second stage of the control. The formaldehyd mixture is now 
added: 10 c^c. for each 20 c.c. of the solution, and the mixture again 
titrated to the second stage with N/5 alkali. 

Two drops of the N/5 alkali are now added to the control solution, 
which assumes a deep red color (third stage). Fifth normal alkali is 
added to the solution under examination until it assumes a color corre- 
sponding to the third stage of the control. This completes the titration. 

Calculation. — The calculations are similar to those which pertain to 
any acidimetry procedure. Each c.c. of an N/5 alkali or acid solution 
is equivalent to 0.0028 gram of nitrogen. An example will illustrate 
the procedure: 40 c.c. of solution (16 c.c. of urine) required 5.10 c.c. 
N/5 NaOH ; control, 0.10 c.c. N/5 NaOH ; total required for amino-acids 
5.00 c.c. equivalent to 0.0014 gram of nitrogen. Ammonia nitrogen in 
16 c.c. of urine, 0.007 gram N. Then 0.014 — 0.007 = 0.007 gram amino- 
acid nitrogen in 16 c.c. of urine. 

Bowntree, Marshall and Chesney made a comparative study of a 
number of liver function tests in 45 cases. The results obtained may best 
be represented by Table 5, taken from their published report. 

Urobilinogen Excretion. — Significance of Urobilin Excretion. — 
Wilbur and Addis draw the following conclusions as to the significance 
of urobilin excretion. 

1. The intestinal formation of urobilin from the decomposition of 
bile present within the bowel is the usual mode of origin. In complete 
closure of the common duct due to carcinoma, for instance, there is usu- 
ally absence of urobilin from the urine, bile and stools. 

2. There is evidence that the diseased liver may originate urobilin 
either directly as a product of its cells, or indirectly from decomposi- 
tion of bilirubin within the bile passages. Thus, patients in whom no 
bile is reaching the intestine may nevertheless show urobilin in large 
amounts in the bile, and to some extent even in the urine and stools if 
the liver itself is diseased or functionally deficient. The urobilin in the 
urine and stools of such cases must be due to excretion from the blood of 
urobilin absorbed from the liver. 

The usual sequence in hemoglobin metabolism may be represented by 
the accompanying scheme (Wilbur and Addis). 

Schematic Representation of Usual Sequence in Hemoglobin 

Metabousm 

Liver Bile Passages Intestine 
Hemoglobin ^ Bilirubin >^ Urobilin 

Intestine Portal Blood stream Liver 

Part Excreted Part excreted in bile 

Urobilin /^ ^ Urobilin (Form?)/L_^Bilirubin ^Hemoglobin (t) 

Part Destroyed ( t) Part carried in general circulation to 

kidneys and excreted wholly or in part. 
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On this hypothesis, bilirubin is broken down to urobilin in the intes- 
tine and the absorbed urobilin is synthesized in the liver to bilirubin 
and perhaps by a reverse action again to hemoglobin. 

Under abnormal conditions in the liver, formation of bilirubin from 
the absorbed urobilin from the intestine may fail, and further, there 
may be a reduction of bilirubin to urobilin in the liver itself, a reversal 
of the normal process. 

Under these circumstances, the accumulated urobilin in the liver will 
be absorbed by the blood stream and excreted in the urine. 

3. An increased quantity of urobilin in the stools indicates increased 
blood destruction. 

In such cases, urobilin may appear in excessive amount in the urine 
apart from obvious disease of the liver, because, the quantity of urobilin 
carried to the liver from the intestine being so much increased, the frac- 
tion carried past the liver into the general circulation and so to the 
kidneys is sufficient to lead to an obvious urobilinuria. 

4. There is a close association between increase of urobilin in the 
urine and disturbance of liver function. But even if increased blood 
destruction is excluded by urobilin estimations in the stools,, it is not at 
present possible to regard the amount of urobilin in the urine as an 
approximate guide to the functional efficiency of the liver. The occa- 
sional occurrence of large amounts of urobilin in the urine of patients 
in whom there is no reason to suspect damage to the liver, the great 
and irregular fluctuations of urobilin excretion in cases of liver disease 
from hour to hour and from day to day, and the want of knowledge 
as to the fate of urobilin in the blood and tissues make it necessary 
to recognize that there may be other factors besides the condition of 
the liver and the amount of blood destruction which influence the excre- 
tion of urobilin in the urine. 

Value of Urobilin Test. — The conclusions of Wilbur and Addis, so 
far as the clinical value of the test is concerned, are as follows : 

1. Hepatic Cirrhosis. — ^Urobilinuria is of marked value as evidence 
of a definite pathological change in the enlarged liver of alcoholic per- 
sons and occurs almost constantly in the hypertrophic stage of hepatic 
cirrhosis. In our cases, we did not find any increase of urobilin in 
the stools. While in advanced cases, part of the urobilin in the urine 
may be derived from the formation of urobilin from bilirubin in the 
liver, it is probable that as a rule it is due to failure on the part of 
the liver to synthesize to bilirubin, the urobilin brought to it from 
the intestine. 

2. Hepatic Stasis, — Estimations of urobilin in the urine are of value 
in judging the amount of damage done to the liver parenchyma by 
chronic passive congestion. Hence, a marked increase of it is of ominous 
prognostic significance in cardiac decompensation. 

3. Jaundice, — Urobilinuria is absent or insignificant in cases of ob- 
structive jaundice. Its intermittent occurrence points to an incomplete 
obstruction with concomitant damage to the liver. It is present in the 
icterus of cases of increased destruction of the red blood-cells. Careful 
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studies for urobilin should be made in suspected eases of chloroform 
poisoning, acute yellow atrophy and other similar conditions in which 
the liver is apt to be damaged. 

4. Malaria, — The great increase of urobilin in the stools and the 
urobilinuria which occurs in severe cases of malaria is of diagnostic 
importance in obscure febrile conditions. The persistence of urobilinuria 
after malarial attacks, when there is no fever and no increase of uro- 
bilin in the stools, can be taken as evidence of some complication such 
as hepatic cirrhosis or abscess. 

5. Anemias, — By means of urobilin estimations in the stools and 
urine, those forms of anemia associated with an increased blood destruc- 
tion may be differentiated. It is probably in this field that the most 
valuable clinical results will be obtained. The contrast between the 
very large total urobilin elimination in the author's cases of pernicious 
anemia as compared with the small amount found in secondary anemias 
following hemorrhage or carcinoma was very striking. 

6. Pneumonia, — ^A slight increase of urobilin with additional 
amounts at the time of resolution does not indicate severe damage of 
the liver parenchyma in this disease. It is probably due to a clogging 
of the liver with the products of resolution and absorbed hemoglobin 
from the affected lung. A study of the curve of this elimination may 
be of value in certain pneumonias. Allowances must always be made 
.for other factors, such as constipation, diarrhea and the inability of 
the kidney to eliminate urobilin readily in the presence of a compli- 
cating severe nephritis. The early appearance of large quantities of 
urobilin in the urine in pneumonia, particularly in the presence of 
jaundice, makes the prognosis grave. The occurrence of urobilin in the 
serum of pneumonia patients is of the gravest prognostic significance. 
It is recognized apparently by our present methods only in the pres- 
ence of a degree of cyanosis markedly unfavorable to the life of the 
individual. 

7. Carcinoma. — Except in those cases in which there is practically 
a complete disappearance of urobilin from the excretions, due to an 
obstruction of the common duct from carcinoma, the author has not found 
its estimation in carcinomatous cases to be of evident clinical value. 

8. Infections, — In infectious processes causing parenchymatous 
changes in the liver or accompanied by hemolysis, urobilin estimations 
are of definite value in estimating both of these factors in any given 
case. There is apparently an approximation between the urobilin ex- 
cretion in the urine and feces and the amount of blood destruction. 
In such infectious processes as amebic colitis, the appearance and con- 
stant presence of urobilin may be of marked value in indicating the 
presence of inflammatory liver conditions, particularly abscess. 

9. Scarlet Fever, Measles, — The majority of measles cases present 
urobilinuria in excess, but, as might be expected, the amount is less 
and the duration shorter than in scarlet fever with its more definite 
damage to the hepatic cells. 

10. Decompensation, — ^As indicated previously, marked urobilinuria 
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is indicative of pathological change in the liver in the stasis of decom- 
pensation. This circulatory stasis calls for the use of increasing amounts 
of hemoglobin within the body and is associated with a greater pro- 
duction and elimination of bilirubin leading to an inability on the part 
of the overburdened and congested liver to modify the abnormal amounts 
of urobilin reaching it. A return of compensation is often indicated 
by the disappearance of a qualitative urobilinogen or urobilin test. De- 
compensations in markedly anemic persons are not so apt to be accom- 
panied by increased amounts of urobilin until very profound stasis 
occurs. 

11. Nephritis. — Severe nephritis of various types, even in the pres- 
ence of increased production of urobilin, may prevent definite urobili- 
nuria. Large amounts of urobilin in the urine may be taken as in- 
direct evidence of a certain degree of eflBciency in the renal epithelium. 

Quantitative Methods for Urobilin Estimation (Wilbur and Ad- 
dis). — 1. In Urine. — Following is a summary of only the most essential 
points of the methods which are in use: 

Almost all the work done has been with the urine. The methods 
may be divided roughly into those requiring a separation of the urobilin 
from the urine by means of precipitation with ammonium sulphate; 
secondly, those depending on the spectroscopic absorption bands of 
urobilin; and thirdly, those based on the property of fluorescence, and 
lastly colorimetric methods depending on the violet color produced by 
copper sulphate in urobilin solutions. 

{a) Methods Involving Salting Out of Urobilin hy Means of Am- 
monium Sulphate. — Hoppe-Seyler in 1891 estimated urobilin in urine 
gravimetrically. The acidified urine was saturated with ammonium 
sulphate, and the precipitate extracted with chloroform and alcohol. 
The solution was evaporated, the residue dissolved in ether, filtered and 
evaporated, and the residue dissolved in alcohol, evaporated and 
weighed. 

Viglezio, in the same year, recommended a method which depended 
on the salting out of the urobilin with ammonium sulphate and its 
solution in alcohol. The amount was gauged by noting how much of 
this solution was required to produce a certain grade of fluorescence or 
the appearance of the spectroscopic absorption bands, when it was added 
to a solution of zinc chlorid. 

Studenski added copper sulphate to the urine, precipitated with am- 
monium sulphate, and dissolved the copper compound of urobilin in 
chloroform. This color was compared with that produced by copper 
sulphate in a solution of urobilin of known strength. 

Ladage recognized the necessity of taking the urobilinogen into ac- 
count and recommended that iodin be added to convert it to urobilin. 
The urobilin was then precipitated by saturation of the urine with am- 
monium sulphate, and the acid chloroform solution diluted until the 
spectroscopic absorption became invisible. In Fr. Miiller and Hup- 
pert's method a mixture of barium chlorid and barium hydrate is 
added to the urine, and the precipitate is filtered off and washed with 
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hot water. The excess of barium in the filtrate i^ removed by sodium 
sulphate, and the filtrate after neutralization with sulphuric acid is 
saturated with ammonium sulphate. The precipitated urobilin is filtered 
off, allowed to dry in the air and extracted three times after acidifica- 
tion with a warm mixture of alcohol and ether. This solution is then 
evaporated to a convenient bulk and the amount of urobilin estimated 
spectrophotometrically. 

CharnaSy in 1909, gave as an alternative method to the one based on 
the spectroscopic characteristics of urobilin, a gravimetric method in which 
after all urobilinogen in an ether extract of the urine has been converted 
into urobilin by exposure to sunlight, the urobilin is separated by water 
from the ether, and after filtration precipitated by ammonium sulphate, 
dried, dissolved in alcohol, the alcohol evaporated in vacuo and the 
residue weighed. 

(6) Spectroscopic Methods. — Gerhardt (1889) and Beck (1895) made 
estimations by means of the spectrophotometer using Vierordt's tables 
of the grade of light extinction in different regions of the spectroscope 
in normal urine and solutions of urobilin. 

Saillet (1897) extracted the freshly passed urine with acetic ether. 
In another specimen the urobilinogen was converted into urobilin by 
exposure to light and then extracted. The two extracts were added to- 
gether and diluted until the spectroscopic band disappeared. 

Conner and Roper (1918) made approximate measurements of the 
amount of urobilin in urine by noting the number of dilutions required 
to obliterate the urobilin band in the urine. They recommend the addi- 
tion of a few drops of Lugolls solution to the urine in order to convert 
the urobilinogen into urobilin. 

Auche (1909) found that a solution of urobilin of 1:200,000, pre- 
pared by a method he describes, is sufficient to make the five absorption 
bands of potassium permanganate all of equal intensity, although with- 
out it some are lighter than others. He, therefore, superimposes the 
urine, which in some cases has to be extracted with a thymol-chloro- 
form solution, over a solution of potassium permanganate and dilutes 
the urine or its extract until all the bands are of equal intensity. 

Simpson (1910) acidifies the urine with sulphuric acid and exposes 
it to light for some time in order to convert urobilinogen to urobilin. It 
is then diluted until the urobilin band disappears. This method gives 
fairly accurate results when a dilution of fifteen or more volumes is 
necessary. With smaller amounts the reading is apt to be obscured 
by other pigments. 

Hausmann (1913) adds copper sulphate to the urine and dilutes 
until the spectrum becomes invisible. 

Henocque, Hayem, Gautretet, Deniques, Hildebrandt, Riva and Zoja 
have used one modification or another of these spectroscopic methods. 

Charnas (1909) makes the urine alkaline, allows it to ferment at 
37° C. (98.6° F.) for from twenty-four to forty-eight hours, acidifies 
with tartaric acid and extracts with ether and petroleum benzin. To a 
portion of the ether extract an ethereal solution of paradimethylamino- 
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benzaldehyd is added and two to three drops of absolute alcohol satu- 
rated with hydrochloric acid gas. After dilution, if necessary, with 
alcohol, a spectrophotometric reading is made. 

(c) Methods Depending on the Propertj of Fluorescence. — Grimm 
(1893), Pischler (1906), Grigant and Monod (1909), and Descomps 
(1909) estimated the amount of urobilin by the intensity of the fluor- 
escence present in the zinc salt filtrate of the urine. Various devices are 
adopted to aid the conversion of urobilinogen into urobilin. 

(d) Colorimetric Methods, — ^Bogomaloff (1892) used a colorimetric 
method depending on the depth of the red-violet color produced in a 
chloroform extract of urine containing urobilin by the addition of copper 
sulphate. 

Braunstein (1903) used a modification of this method. 

Platow and Brunell (1913) estimate the amount of urobilinogen in 
fresh urine from the depth of the red color given on the addition of 
Ehrlich's reagent. As a standard they use a phenolphthalein solution 
to which a few particles of metallic sodium have been added. 

Brugsch and RetzlaflP (1912) modify Charnas' method by extracting 
the alkaline urine first with ligroin. They make the final reading with 
Plesch's colorimeter, using a solution of Bordeaux red as the standard. 

2. The Stools, — Quantitative estimations of urobilin in the stools 
have been carried out by comparatively few investigators. Gerhardt 
at first used a somewhat complicated process of extraction and puri- 
fication, but later, except in special cases, simply extracted with acid 
alcohol and read spectrophotometrically. Auche extracts with alcohol, 
removes other pigments by shaking with ligroin and thereafter makes 
the same spectroscopic determination as he employs in urine extracts. 

Simpson (1910) mixes the day's feces with water and adds enough 
dilute sulphuric acid to make the mixture distinctly acid. For one or 
two days full exposure to light is allowed to convert the chromogen into 
urobilin. Filtration is then carried out and the residue repeatedly 
extracted until the filtrate becomes colorless. Direct examination of the 
filtrates is made and the amount determined from the degree of dilu- 
tion required to obliterate the spectroscopic band. 

Brugsch and Retzlaff (1912) attempt to convert all the urobilin into 
urobilinogen by allowing the stools to stand for some time before extract- 
ing with ligroin, to remove indol derivatives, and then with acetic ether 
After the addition of paradimethylamino-benzaldehyd they make a col 
orimetric determination, as in their method with urine. 

A. Edelmann describes a modification of Schmidt's urobilin test 
which is applicable to both urine and feces and which is much quicker 
than the original test. Instead of a saturated aqueous solution of bi- 
chlorid of mercury, he employs a saturated alcoholic solution ; the latter 
contains about twice as much bichlorid as the aqueous solution. The 
technic for applying the test to the urine is as follows: Two reagents 
are necessary: (1) a concentrated alcoholic solution of bichlorid of 
mercury; (2) a 10 per cent, alcoholic solution of zinc chlorid, and 
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amyl alcohol. Abont 10 c.c. of urine in a test-tnbe are treated with 
half the volume of concentrated alcoholic sublimate solution, mixed, and 
then shaken with amyl alcohol (which is best accomplished by pouring 
the contents down the wall of a second test-tube several times). To 
the r^lear amyl alcohol layer which quickly separates above, several c.c. 
of the alcoholic zinc chlorid solution are added; or the amyl alcohol 
may be poured into another tube and treated with zinc chlorid. With 
lar^e amounts of urobilin the amyl alcohol is saturated with the pig- 
ment and shows a beautiful rose-red color (only with pathological 
amounts of urobilin) and the addition of zinc chlorid produces an intense 
green fluorescence. A-Vith small amounts of urobilin, if the fluorescence 
is not visible with diffuse light, the light may be focused on the tube 
with a convex lens, or. the light from a small electric flash may be 
employed. By this means traces of urobilin may be detected. In apply- 
ing this test to the stools, several grams of feces are rubbed in a mortar 
with a very small amount of water. Then an excess of reagent I is 
added, and rubbed a minute longer and filtered into a clean test-tube. 
The addition of a few c.c. of solution II to the filtrate, which is red in 
the presence of urobilin, causes a green fluorescence. 

3. In Serum, — No quantitative work has been done with serum. 
The methods employed for the detection of urobilin in serum were re- 
viewed by Conner and Roper. We shall refer, therefore, only to those 
which have appeared since their publication. 

Morel and Monod (1908) add alcohol to the serum and heat to boil- 
ing for half an hour. The filtrate is concentrated and a drop of Ober- 
meyer^H reagent and an alcoholic solution of zinc acetate and acetic acid 
are added. After twenty-four hours the filtrate is examined for fluor- 
escence. 

Atieho (1909) adds a solution of iodin in potassium iodid to the 
senini and afterward some zinc cyanate in ammonia and filters. The 
flltnile is examined spectroscopically. 

Froniholdt and Nersessoff (1912) precipitate the oxalated plasma 
with alcohol, filter, concentrate, acidify, and shake with amyl alcohol, 
and then with alkaline water. The water is then made acid and shaken 
with amyl alcohol and -examined spectroscopically. 

Von Jaksch (1892) considered the presence of urobilinogen in the 
urine as indicative of hepatic disease. Neubauer demonstrated that 
Khrlich's paradimethylamino-benzaldehyd test given by certain urines 
is really a test of urobilinogen.* The work of Munzer, Munzer and 
Hloch, Fischler, Bauer, Falk and Saxl and others indicates that 
urobilinogen occurs in the urine in many forms of liver disease. 
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The solution is prepared in the following way: 

Pnrndimotlj.vlamino-benzaUlehyd 2 grams 

Hydrochloric acid — concentrated 50 c.c. 

Water— to 100 c.c. 

A pink or red color results with a positive urine upon addition of a few drops 
of the solution to 5 c.c of the urine. 
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In six cases of diseases of the liver, Wilbur and Addis found the fol- 
lowing dilution values of urobilin in urine and stools : 

Table 6. — Diseases op the Liveb without Much, if Ant, Interfebence with the 

Entbance of Bile into the Intestines. 



No. 


Length of Period of 
Observation (Days) 


Diagnosis 


Average 
Daily Urine 


Urobilin 
Stools 


1 
2 
3 
4 
5 
6 


53 
10 
14 
30 
4 
15 


Portal cirrhosis 
Portal cirrhosis 
Cirrhosis (syphilitic) 
Bronzed diabetes 
Uanot's cirrhosis 
Abscess of the liver 


572 

241 

456 

5,800 

2,034 

1,713 


3,647 
3,088 
3,451 
7,400 
3,360 
4,047 



Methylene Blue Test. — This test is, in the author 's opinion, of abso- 
lutely no value. It will be described here only for the sake of complete- 
ness. In 1899, Chauffard and Castaigne advised the following test to 
determine the functional sufficiency of the liver : One c.c. of a 5 per cent, 
solution is injected subcutaneously or, as Roche recommended, 0.002 gram 
of the dye is taken by mouth in a capsule in the morning on a fasting 
stomach. The urine should become colored in one-half hour, becoming 
deepest in color from three to four hours after the injection. If the 
elimination is delayed, etc., or occurs at irregular intervals, the test is 
considered positive. Of course, kidney disease will interfere with this 
tesu. 

Phenoltetrachlorphthalein Test. — In 1909, Abel and Rowntree con- 
ducted pharmacological experiments on animals with phenoltetrachlor- 
phthalein, which was synthesized by Professor Omdorflf, of Cornell Uni- 
versity. 

Its formula is : 

OH OH 




Phenoltetrachlorphthalein 

They found that this substance, when injected intravenously, was ex- 
creted in the bile. At the suggestion of Rowntree, Whipple, Mason, and 
Peightal studied the excretion of this substance in the bile when the 

VOL. II.— 8. 
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liver was subjected to artificial lesions. These authors found that in 
dogs which had been poisoned by phosphorus, for example, there was 
interference with the excretion of the phthalein. It was then that Rown- 
tree, Marshall, and Chesney applied the tests clinically and obtained 
rather encouraging results. 

The phenoltetrachlorphthalein test is applied in the following 
manner: 

The dye is to be prepared for use each time. One gram of the sub- 
stance is placed in a 200 c.c. Erlenmeyer flask, with two c.c. of 2/N 
sodium hydroxid solution and 18 c.c. of freshly distilled water. This 
is boiled for twenty minutes under a reflux condenser. The solution 
is filtered into a 100 c.c. flask, and is ready for use. This gives approxi- 
mately a 5 per cent, solution, which is almost isotonic with blood. The 
solution is of an intense purplish-red color; it will not keep for more 
than a few days. Arbitrarily 8 c.c. of this solution, approximately 400 
mg. of the phthalein has been selected. This amount is sufficient to 
give a most intense purplish-red color to 20 liters of water. Its ad- 
ministration in health is never followed by the appearance of the dye in 
the urine, and this amount insures in health an intense color in the final 
preparation of the feces, which is used for the quantitative determina- 
tion. The dye is administered intravenously by gravity with antiseptic 
and aseptic precaution and with the usual intravenous technic. The fun- 
nel and system are filled with freshly distilled water, and after the 
flow is well established the phthalein solution is added. From 50 to 100 
c.c. of water are used and the phthalein solution is washed in with 
freshly distilled water until the fluid entering the vein is colorless. Ten 
to fifteen minutes are required for its administration. Physiological salt 
solution may be preferable to distilled water for use in this injection. 

Active purgation is instituted prior to the administration of the dye, 
and throughout the time of observation, usually by means of compound 
cathartic pills. The stools are collected for forty-eight hours, the urine 
for twenty-four hours. In the event that little or no feces are obtained, 
enemata are used, but unless a normal amount of dye is recovered the 
test must be discarded, since low findings under this condition could 
not be accepted. 

The total forty-eight-hour feces are placed in a two-liter bottle and 
diluted with water to one or 1.5 liter, depending on their amount. This 
is placed in a shaking machine for from five to twenty minutes. With- 
out allowing time for sedimentation, one-tenth of the total is placed in 
a one-liter flask and to this is added 5 c.c. of 40 per cent, sodium hy- 
droxid, which causes the mixture to take on a very red color. Dilution 
is made with water to 1 liter. A stopper is inserted and the mixture 
thoroughly shaken; 100 c.c. of this preparation is placed in a 200 c.c. 
flask, 5 c.c. of lead acetate added, resulting in a decolorization of the 
mixture through the throwing out of a heavy lead precipitate which 
carries down the pigments, leaving a clear colorless supernatant fluid. 
Then 5 c.c. of 40 per cent, sodium hydroxid are added ; this again elicits 
the red phthalein color, but does not redissolve th^ other lead pigment 
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combination. In certain instances 5 c.c. of sodium hydroxid at this point 
are not sufficient to elicit the maximum intensity of red, and more should 
be added until maximum intensity is reached, but not sufficient to free 
the other pigments from their insoluble lead combinations. The contents 
of the flask are made up to 200 c.c, shaken, and a small part filtered oflE, 
or the solution is allowed to stand for five minutes, when in many cases 
a clear red, supernatant fluid ready for estimation can be decanted. 
This solution is compared in a Rowntree and Geraghty modification of 
the Autenreith and Konigsberger colorimeter with 20 mg. to a liter 
solution of the disodium salt of tetrachlorphenolphthalein (e.g., 0.4 c.c. 
of original solution to one liter, plus sufficient sodium hydroxid to insure 
maximum color) . With these dilutions the amount of dye present is in- 
dicated directly in percentages. 

When the amount recovered is below normal, it is advisable to add 
2 to 3 c.c. more alkali to the 200 c.c. preparation, and redetermine, thus 
insuring that the maximum color has been elicited. The addition of large 
quantities of alkalis is undesirable, since it sets free the other pigments, 
rendering the solution yellowish-red instead of purplish-red. Not more 
than ten minutes are required to carry out this test after the feces are 
removed from the shaker. Where difficulty is experienced on account 
of the quality of the color, the following procedure may prove of some 
value in certain instances: After the addition of about 10 c.c. of 40 
per cent, sodium hydroxid, the feces are made up with water to 1 liter. 
To one-tenth of this is added 5 c.c. sodium hydroxid and water up to 
1 liter. Of this 100 c.c. are placed in a 200 c.c. flask and to it are added 
5 to 10 c.c. or more of calcium chlorid mixture until the best quality of 
color is elicited. Dilution is made to 200 c.c, the mixture is allowed to 
stand from one-half to twenty-four hours, and a small amount of the 
supernatant fluid is filtered off and read against the standard. 

Rowntree and his collaborators are quite enthusiastic as to the value 
of this test. Their results may be presented in the following table : 

Table 7. — Resuuts of the Phthalein Test. 



Cirrhosis 

Congestion ....... 

Carcinoma of liver 

Carcinoma 

Luetic liver. 

Severe anemia. . . . 
Miscellaneous 

Total 

Nonnals 

Total 



Examined 



18 
32 
6 
5 
5 
9 
5 



80 
33 



113 



Less than 30 
Per Cent. 



9 
11 
6 
3 
2 
7 
2 



40 
2 



42 



Urine 
Examined 



11 
10 
3 
3 
2 
1 
2 



32 
22 



54 



Positive 



7 
6 
2 
2 
1 

2 



20 
3 



23 
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They state that it is evident that a phthalein output of less than 
30 per cent, and the appearance of phthalein in the urine is infrequent 
in health and frequent in anatomically diseased livers. A normal 
phthalein output does not indicate the absence of a diseased liver, but 
that demonstrable functional changes do not accompany the anatomical 
changes. In the eleven cases coming to autopsy, pathological findings 
contraverting the functional findings have not been encountered. Ab- 
sence of marked diffuse pathological changes has been noted in several 
instances in which the functional studies showed a good function where 
clinically severe liver injury was suspected. The autopsy findings serve 
to increase our confidence in the test. In one instance a microscopic 
study of the liver suggested greater injury than was shown by the 
phthalein. 

Eahn and Johnston, however, could not confirm these results. Ac- 
cording to them the test is not as easy to carry out as the description 
indicates. It is rather difficult, and in many cases almost impossible to 
impress the nurse with the importance of collecting the entire quantity 
of feces. The duty is rather a disagreeable one and complaints are likely 
to arise. The chemical analysis is also a disagreeable procedure and in 
a number of instances almost discouraging. In these cases it is almost 
impossible to obtain a color which can be compared with the standard. 
In general, this test is not easy ; it requires some experience and it needs 
a well-equipped laboratory. 

Eahn and Johnston show (in Table 8, on the opposite page) the per- 
centages of dye recovered in the various cases. Certain cases which clin- 
ically were typical cases of liver involvement gave rather high figures 
for the phthalein excretion in the urine, whereas in other cases in which 
the diagnosis pointed to non-hepatic involvement, there was frequently 
observed a very low phthalein output. McLester and Frazier also con- 
cluded that this test had no clinical value. 

Fibrinogen Test. — Following the observations of Doyon and Kareff 
and Nolf that the fibrinogen disappeared from the blood after liver ex- 
tirpation, and of Doyon and his associates that the content was decreased 
in chloroform poisoning, and of Corin and Ansiaux and of Jacoby that 
it was decreased in phosphorus poisoning, Whipple and his co-workers 
developed a quantitative method which they have applied in studies of 
the fibrinogen content of the blood in health and disease, in clinical 
and experimental conditions. Their findings in acute and chronic hepatic 
injury make it reasonably certain that the liver is very active in the 
formation of fibrinogen and is the most important factor in maintaining 
a constant fibrinogen balance. 

To determine fibrinogen, the heat coagulation method as devised by 
Whipple is used. It is as follows: Clear plasma, obtained from the 
oxalated blood, was measured into a centrifuge tube and heated in a 
water-bath at 58 to 60° C, for twenty-five minutes. The precipitate was 
collected by centrifugalization, washed thoroughly with cold and hot 
water and alcohol, with repeated centrifuging, washed into a weighed 
Qooch crucible with alcohol, washed with alcohol and ether, and dried 
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Table 8. — Rebuvtb of ths Pbthalbin Test. 



No. 



Name 



1 


B. 


2 


B. 


3 


B. 


4 


S. 


5 


H. 


6 


B. 


7 


S. 


8 


B. 


9 


D. 


10 


S. 


11 


H. 


12 


R. 


13 


Km 


14 


K. 


15 


D. 


16 


S. 


17 


D. 


18 


F. 


19 


R. 


20 


R. 


21 


D. 


22 


H.V. 


23 


W.J. 


24 


E. P. 


25 


H. C. 


26 


C. L. 


27 


T. M. 


28 


P. A. 


29 


R. S. 


30 


H.O. 


31 


W.K. 


32 


L.Y. 


33 


H. P. 


34 


G. L. 



DiagnosiB 



Fracture 

Gastritis 

Fracture 

Mitral insufficiency 

Jaundice 

Fracture 

Congestion of liver . . . , 
Congestion of liver. . . , 

Cholelithiasis 

Chronic ^norrhea 

Amputation , 

Hernia , 

Renal tuberculosis 

Bums , 

Tuberculosis 

Malaria 

Cholelithiasis 

Cholecystitis 

Fracture 

No diagnosis 

Liver congestion 

Atrophic cirrhosis 

Atrophic cirrhosis 

Atrophic cirrhosis 

Svphilis of liver 

Ac^cess of liver 

Cholecystitis 

Cholecystitis 

Gall-stones 

Gall-stones 

Gall-stones 

Cancer of liver 

Chronic p^astro-enteritis 
Mucocohtis 



Output of 
Phthalein 
Per Cent. 



14 
28 
31 
19 
5 
12 
32 
34 
28 
25 
22 
27 
32 
24 
21 
34 
20 
21 
14 
23 
25 
25 
17 
21 
24 
19 
25 
30 
18 
27 
26 
17 
32 
35 



Remarks 



Jaundice 



Jaundice 

Jaundice 
Jaundice 



to constant weight at 110° to 115° C. This method has been carefully 
studied by Whipple and has been shown to give constant results and 
has been controlled by the plasma-serum coagulum method. However, 
where the fibrinogen content is very low, the method may give slightly 
too low figures. 

Whipple, in a series of thirty observations of the fibrinogen content 
of normal dogs, found variations from 200 to 867 mg. per 100 c.c. Indi- 
vidual fluctuation was very large even in a short space of time. However, 
in human cases no such wide variation was noted. In a series of approxi- 
mately normal cases the fibrinogen varied between 385 to 618 mg. per 
100 c.c. Rowntree and his co-workers placed the lower limit of normal 
at 350 mg. 

In 14 cases of hepatic cirrhosis studied by Rowntree, Marshall and 
Chesney with this method, 6 gave positive results. According to them 
negative findings have no value. 
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The Total Non-protein Nitrogen, Urea Nitrogen and Amino-acid 
Nitrogen of the Blood. — Rowntree, Marshall and Chesney were the first 
to utilize these analyses in the study of liver function. They make the 
following statements: 

**The fact that the liver is generally considered as being the organ 
mainly concerned with the formation of urea, and the metabolism of 
amino-acids, led us to make these determinations in this connection. In 
a series of sixteen strictly normal individuals Folin and Denis found 
the total non-protein nitrogen 22 to 26 mg., and urea nitrogen 11 to 
13 mg. per 100 grams of whole blood. As soon, however, as one goes 
from the strictly normal, wide variations occur. Out of 63 cases of 
syphilis only 13 showed normal values, the variations being 20 to 45 
mg. of total non-protein nitrogen and 10 to 26 mg. of urea nitrogen. Our 
experience was similar to this, and in papers on kidney function we 
have not regarded values below 50 mg. for total non-protein nitro- 
gen and 25 mg. of urea nitrogen per 100 c.c. serum as of any diagnostic or 
prognostic import. Determinations of the amino-acid content of the 
blood either in health or disease are practically lacking. Van Slyke and 
Meyer found in dogs the amino-acid nitrogen of the whole blood between 
3.1 to 5.4 mg. per 100 c.c.'' 

In considering what one should regard as normal in this connection, 
it seems fairer to work with hospital or dispensary patients who give 
no evidence of kidney or liver disturbance. Rowntree, Marshall and 
Chesney have made these three blood determinations on a series of such 
cases, the results being tabulated below. 

Table 9. 



Mg. per 100 c. c. Serum 



Of Total Non-protein 
Nitrogen 



Clinical Diagnosis 



Chronic urethritis, veru- 
montanitis, prostatitis . 

Chronic urethritis 

Chronic urethritis 

Bubo 

IVehtis 

Normal 

Normal 

Normal 

Normal 



Total Non- 
protein 
Nitrogen 



32 
24 
28 
22 
38 
31 
19 
22 
25 



UreaN 


NH,N 


22 


2.8 


12 


2.5 


13 


2.8 


10 


2.6 


16 


2.1 


13 


2.6 


9 


2.0 


9 


1.7 


11 


2.0 



Urea N 
(Per Cent.) 



70 
50 
46 
45 
50 
52 
47 
41 
44 



NH-N 
(Per Cent.) 



8.2 
0.6 
0.3 

10.8 
6.1 
8.4 

10.5 
7.8 
8.0 



They have, therefore, considered anything below 40 per cent, for the 
urea N as abnormal, and above 3.0 mg. per 100 c.c. the upper limit 
of normal for amino-N. Of course the series of normals is small, and 
great variations may be found to occur in health. 
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The methods for the determination of total non-protein nitrogen, 
urea nitrogen and amino-acid nitrogen in the blood are as follows (the di- 
rections are quoted from Hawk's ** Practical Physiological Chemistry") : 

1. Non-protein Nitrogen. — (a) Colorimetric Method of Folin and 
Denis. — Principle. — This method, which is simple and convenient, de- 
pends upon the removal of the proteins from a sample of blood by pre- 
cipitation with methyl alcohol, and the estimation of nitrogen in the 
methyl alcohol solution (after the removal of the proteins) by means 
of oxidation and Nesslerization. The details of the procedure are car- 
ried out in the following manner: 

Method of Drawing Blood. — ^Attach, by means of a short piece of 
pure gum-tubing, a hypodermic needle about 1 mm. in diameter and 
25 mm. in length (previously sterilized and paraffined) to the tip of 
a 2 or 5 c.c. pipet. Introduce into the upper end of the pipet (which 
must be perfectly clean and dry) a small pinch of powdered potassium 
oxalate, and allow it to run down into the tip and the needle. Attach 
a piece of rubber tubing to the upper end of the pipet, and to this 
a mouthpiece consisting of a short, tapering glass tube. Place a pinch- 
cock over the rubber tube near the top of the pipet. To draw the 
blood, insert the needle into the vein or artery and regulate the flow 
by means of the pinchcock and suction. The exact quantity of blood 
desired is thus obtained without any waste or clotting. 

Method of Isolating Non-protein Nitrogen Constituents. — ^Methyl al- 
cohol and zinc chlorid are employed as precipitants for the protein 
materials of the blood, and the determination of the non-protein nitro- 
gen is then carried out upon a portion of the methyl alcohol extract. 
The procedure is as follows : Transfer the blood, as soon as drawn, to a 
measuring flask which is half filled with pure methyl alcohol (it must be 
acetone free). Fill to the mark with methyl alcohol and shake thor- 
oughly. (If 1 c.c. of blood is taken, 25 c.c. flasks are used for the 
precipitation, while for 5 c.c. of blood 50 c.c. flasks are used.) Allow the 
flask to stand for at least two hours and at the end of that time, or later, 
filter the contents through dry filter paper. Add 2-3 drops of a saturated 
alcoholic solution of zinc chlorid to the filtrate and filter again through 
a dry filter paper after a few minutes. The zinc chlorid brings down 
an appreciable precipitate and the last traces of coloring matter, so 
that the second filtrate obtained is perfectly colorless and clear. This 
filtrate is used for the determination of non-protein nitrogen. 

Trichloracetic Acid Modification. — Greenwald has suggested the use 
of trichloracetic acid as the precipitant for the proteins of the blood, 
as being more satisfactory than the methyl alcohol and zinc chlorid. The 
objection to the methyl alcohol is that some of the amino-acids (creatin, 
asparagin, and tyrosin) are insoluble in it and hence precipitated along 
with the proteins. These acids are not removed by the trichloracetic 
' acid. Certain nitrogenous lipoid substances are precipitated by the 
trichloracetic acid and not by the methyl alcohol. Greenwald suggests 
that these substances, even though non-protein in character, should not 
be included with the non-protein nitrogen of the amino-acids and urea. 
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Procedure. — Dilute the blood to ten times its original volume with a 
2.5 per cent, trichloracetic acid solution. Let stand 30 minutes and 
then filter. Shake the filtrate with about four grams of kaolin per 100 
c.c. and filter again. An aliquot of this final filtrate is taken, digested 
with sulphuric acid and nitrogen determined in the usual way. 

Determination of Total Non-protein Nitrogen, — Transfer 5 c.c. of the 
alcoholic filtrate to a large Jena test-tube of the same kind as is used 
in urine analysis. Add 1 drop of concentrated sulphuric acid, 1 drop 
of kerosene, and a small pebble or glass bead to prevent bumping. Im- 
merse the test-tube in a beaker of boiling water for five or ten minutes 
to drive off the methyl alcohol. When the alcohol is removed add 1 c.c. 
of concentrated sulphuric acid, 1 gram of potassium sulphate and 1 
drop of copper sulphate solution. Boil, cool, dilute and aerate the solu- 
tion as described in the determination of total nitrogen in urine with 
the exception that the ammonia is collected in a large test-tube 
instead of in a 100 c.c. flask. Nesslerize the solution, using 7 to 8 c.c. 
of diluted Nessler reagent (dilution 1 :5), dilute to 25 or 50 c.c. according 
to the amount of color, and compare with a standard solution contain- 
ing 1 mg. of ammonia nitrogen, nesslerized and diluted to 100 c.c. and 
the colorimeter prism set at 20 mm. 

Calculations, — If 5 c.c. of blood are diluted to 50 c.c. and 10 c.c. 

of the alcoholic extract (equivalent to 1 c.c. of blood) are used for the 

determination, the amount of non-protein nitrogen (as milligrams per 100 

• 20 
c.c. of the blood) can be obtained by use of the formula -^^x D, in which 

R stands for the reading of the unknown and D represents the volume 

to which its ammonia has been diluted. If the equivalent of 0.4 c.c. of 

50 
blood has been taken for the determination the formula -^^ x D is used, 

XV 

and if the equivalent of 0.5 c.c. of blood has been taken the formula 

40 
becomes .^-x D. 
xC 

2. Urea Nitrogen. — {a) The Urease Method. — ^Van Slyke and Cul- 
len's modification of Marshall's Method. 

Procedure, — Run 3 c.c. of fresh blood (carefully measured with an 
accurate pipet) into a 100 c.c. test-tube containing 1 c.c. of a 3 per cent, 
solution of potassium citrate (to present clotting). Add 1.5 c.c. of the 
urease solution and 2 or 3 drops of caprylic alcohol (to prevent foam- 
ing) . After ten minutes add 15 c.c. of a saturated solution of potassium 
carbonate, and drive oflE the ammonia by aspiration into another tube 
containing 15 c.c. of hundredth-normal hydrochloric or sulphuric acid. 
Titrate the excess of acid with hundredth-normal sodium hydroxid or 
potassium hydroxid, using methyl red or alizarin as indicator. 

Calculations. — Each c.c. of acid neutralized indicates 0.01 gram of 
urea per 100 c.c. of blood, or 0.0467 gram of urea nitrogen per 100 c.c. of 
blood. In case the blood should be one of the rare samples containing 
over 0.15 per cent, of urea, all the acid will be neutralized, and it will 
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be necessary to repeat the determinations, using in the determination 
only 1 c.c. of blood. Fresh blood contains so little ammonia that it 
may be disregarded. 

3. Amino-acid Nitrogen. — (a) Method of Van Slyke and Meyer. — 
Principle. — The protein of the blood is removed by precipitation with 
alcohol and the amino-acid nitrogen determined in the filtrate by the 
nitrous acid method. 

Procedure. — From 30 to 50 c.c. of freshly drawn blood are mixed 
with 9 or 10 volumes of 95 per cent, alcohol to precipitate the proteins. 
The volume of the alcohol-blood mixture must be known, but in case it 
is not convenient to use a graduated cylinder for the mixture, its 
volume can be taken as the sum of the volumes of the alcohol and blood 
without essentially affecting the results. The alcohol and blood are 
thoroughly mixed, the vessel containing them is closed and 24 hours 
are allowed for precipitation of the proteins to become complete. The 
solution is filtered through a dry folded filter into a measuring cylinder 
without washing the precipitate. The volume of filtrate is noted and 
is taken for analysis as an aliquot part of the total blood-alcohol mix- 
ture. The filtrate is then concentrated to a volume of 3-5 c.c. and used 
for determination of amino-nitrogen by the Van Slyke nitrous acid 
method. The use of a few drops of caprylic alcohol to prevent foaming 
is advisable. 

(6) Method of Constantino. — This is based on the formol titration 
procedure. One hundred c.c. of blood or serum are mixed with a meas- 
ured (500 c.c.) volume of 2 per cent, mercuric chlorid solution con- 
taining 0.8 per cent, hydrochloric acid. The mixture is shaken vigor- 
ously in a stoppered flask and allowed to stand a few hours. Centrifu- 
gate for 10 minutes; pour the supernatant liquid through a dry filter 
into a graduated cylinder. An aliquot of the filtrate is taken, the mer- 
cury is removed with hydrogen sulphid and the latter by a current of 
air. The liquid is exactly neutralized and concentrated on the water- 
bath, or better, at 50** C. in a vacuum, MgO added, and the mixture 
distilled in a vacuum at 45^ C. to get rid of ammonia. The volume 
should now be about 30 c.c. A little solid barium chlorid and barium 
hydroxid are added, and 1.5 c.c. of 0.5 per cent, solution of phenol- 
phthalein. Filter. Neutralize accurately to sensitive litmus paper. Add 
neutral formalin solution and titrate with N/5 NaOH. 

Lipase of the Blood.— In 1913, Whipple, Mason and Peightal, utiliz- 
ing Loevenhardt's technic, demonstrated that the lipolytic activity of 
the blood varied from normal in certain diseases of the liver. Severe 
experimental injury to the liver resulting from chloroform, phosphorus 
and hydrazin always produced increase in plasma lipase to from two to 
eight times the normal. Clinically Whipple found an increased lipolytic 
activity in several cases of eclampsia, invariably so in those showing 
hemorrhagic portal vein necrosis, in pneumonia, peritonitis, leukemia 
and in the early stages and sometimes in the late stages of cirrhosis. 
The lipolytic activity of the blood in pernicious vomiting, uremia, jaun- 
dice, and obstructive jaundice, was normal. He therefore concludes 
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that high lipase values will be found in practically all cases of eclampsia, 
liver injury with necrosis due to poisons, intoxications or infections, 
acute yellow atrophy, cholangeitis, and abscess of liver with considerable 
destruction of liver tissue. 

Lipase Determination. — This determination can be made either on 
oxalated plasma or serum, there being little diflEerence in the results, 
except that the serum lipase is slightly higher owing to the dilution of 
the plasma by the oxalate. All our estimations have been made on 
plasma lipase with the exception of two or three cases, where serum was 
utilized. Loevenhardt 's method of determining the lipolytic activity 
was utilized. The technic is as follows : Four tubes are prepared, each 
containing 1 c.c. of plasma and to each is added 4 c.c. of distilled water 
and 0.3 c.c. of toluol. To two of the tubes is added 0.26 c.c. of ethyl 
butyrate, the other two serving as controls. The tubes are stoppered 
and shaken and incubated at 38° C. for eighteen to twenty-four hours. 
They are now titrated to neutrality with N/10 acid and N/10 alkali, 
using azolitmin as indicator. The controls show the titrable blood alka- 
linity to be about 0.1 c.c. N/10 acid. The ethyl butyrate tubes give the 
amount of acid production above the neutral point and the sum repre- 
sents the total acid production or lipolytic activity. 

The serum of patients suffering from bacterial diseases, Sagal claims, 
shows a slight increase in enzyme activity, while the serum obtained 
from sufferers of diseases of non-bacterial origin show a slight depres- 
sion. Bile-stained serum and the serum from hepatic cirrhosis show 
marked decrease in enzyme activity. Lipase activity gradually de- 
creases with increasing age. Variations of lipase activity in diseased 
conditions, as shown by the hydrolysis of ethyl butyrate, are so small 
as to be devoid of diagnostic or prognostic value. (Sagal.) 

Rowntree, Marshall and Chesney draw the following conclusions 
from their experiments on the experimental eflSciency of the various 
liver function tests: 

1. Outspoken changes in liver function can be demonstrated in most 
cases of advanced liver cirrhosis, in markedly congested livers asso- 
ciated with myocardial insufficiency, in carcinoma of liver, in luetic 
livers, and in conditions of cachexia with marked anemia. 

2. Functional changes have been most marked in cirrhosis, in 
neoplasm of liver and in cachectic conditions with severe grades of 
anemia. The functional changes in chronic passive congestion have 
not been frequent or pronounced. 

3. Harmony in the findings of the tests is present in some cases^ 
i.e., most of the tests indicating a decreased function or indicating a 
normal function, but in other instances, the function in an individual 
case appears normal by some tests and diminished by others and abso- 
lutely no parallelism exists between the findings of the various tests 
in the latter instance, i.e., with one test indicating decrease in function 
it is impossible to predict what the other tests will show. 

4. From this small series of cases it is impossible to reach definite 
oondusions concerning the absolute and relative value and limitations 
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of these various tests, but the following impressions are the outcome of 
our limited experience : 

(a) Under clinical conditions a phthalein output under 30 per cent, 
or the appearance of phthalein in the urine is of unquestionable sig- 
nificance. When in accord, i.e., both positive or both negative, the evi- 
dence is of more value than single or discordant findings. Positive 
value is not claimed for negative findings. A marked decrease in 
phthalein means a decided injury to liver function. Autopsies in 11 
cases have increased our belief in the value of this test. 

(6) Low fibrinogen values are frequently but inconstantly encoun- 
tered in cirrhosis, which confirms the results reported by Whipple. 
Marked positive findings may carry prognostic significance, although 
they may not appear until shortly before death. Negative findings have 
no value. 

(c) The determination of the lipolytic activity of the blood-plasma 
furnishes very little or no information of prognostic er diagnostic sig- 
nificance in these types of clinical cases. In only two or three instances 
have the clinical findings been comparable with our findings or those 
of Whipple in chloroform- or phosphorus-poisoning. High values prob- 
ably carry prognostic significance. 

(d) Dr. Goodpasture's fibrinolytic ferment studies on this series 
of cases show that this ferment is present only in cirrhosis and hence, 
when present, is of definite diagnostic importance. 

(e) Bauer's galactose test is applicable without discomfort to the 
patient, but yields no information of consequence. 

(/) Strauss 's levulose test was attended by technical difficulties 
— ^nausea and vomiting frequently following its employment — and yielded 
information of no consequence in the limited number of cases in which 
it was successfully carried out. 

ig) Blood N partition: cumulative phenomena have not been en- 
countered in this series except with coexistent renal disease. 

The urea N percentage of total has been 40 per cent, or less in 
several instances, and especially low in cases of advanced cirrhosis. 

The amino-nitrogen has been high in a considerable proportion of the 
clinical cases. In phosphorus-poisoning the amino-nitrogen increase 
was always present and was associated with increase in the urea N and 
total non-protein nitrogen. In chloroform-poisoning the absolute and 
relative values of the various forms of nitrogen did not vary from 
normal. 

(h) Urinary nitrogen partition: No instance of absolute normal 
urinary nitrogen partition has been encountered. However, the low 
level of protein metabolism so often present, together with the non- 
exclusion of acidosis, renders the interpretation of the N distribution 
somewhat difficult. Practically all the cirrhosis cases show definite N 
partition changes. 

The ammonia nitrogen and amino-nitrogen were definitely increased 
in most of the cases studied and particularly in cirrhosis. 

Concerning the relative merits of these tests it appears that the 



124 FUNCTIONAL DIAGNOSIS 

phthalein, fibrinogen, the blood and urine nitrogen partitions are of 
decided value in determining the presence and to a less degree the ex- 
tent of functional involvement, while the demonstration of the presence 
of a fibrinolytic ferment is of decided diagnostic importance. The 
determination of sugar tolerance and of the lipolytic activity of the 
blood apparently afford information of much less value. 

Ohedini's Ferment Test.— In 1913, Ghedini proposed a test which 
is based upon the presence in the blood-serum of a ferment which he 
claims arises in the liver-cells, and which is capable of converting gly- 
cogen into maltose, isomaltose, and glucose. In short, as Rowntree, 
Hurwitz and Bloomfield point out this must be a test for two blood 
ferments, diastase and maltase. Diastase varies tremendously in normal 
sera, consequently, a priori, this in itself would vitiate the test. Suffi- 
cient evidence has not been presented to establish the liver as the sole 
source of the ferment or ferments involved. 

The Fibrinolytic Ferment of the Blood.— In 1914, Goodpasture re- 
ported that in some cases of cirrhosis of the liver, there is present a 
ferment in the blood stream that dissolves fibrin, that is to say, will 
dissolve a blood-clot. This ferment, according to him, is specific for 
fibrin, does not attack fibrinogen, is destroyed by heating at 56°C. for 
one-half hour and is easily recognized. 

The technic of the test is as follows: Blood is drawn aseptically 
from a vein of the forearm by means of a needle and syringe, and al- 
lowed to stand in a sterile glass tube, whereupon the clot forms as 
normally. If this clot be allowed to stand at 37°C. for several hours, 
and if the ferments be present, at the end of 6 to 8 hours it will be 
found, on examination, that the clot has entirely dissolved. 

It would seem that this ferment, when present, has definite diagnostic 
significance, since it was present in 7 cases of cirrhosis of the liver 
and was not found in any other condition in a series of 45 cases studied 
by Rowntree, Marshall and Chesney. 

The results obtained by the authors do not justify any credence in 
the reliability of this test. 

Snlphoconjngation Test (Eahn). — The cause and the location of the 
formation of the ethereal sulphates and of indican have been studied by 
a number of investigators. 

Since Stadeler found phenol in cow's and horse's urine, Landolt, 
Lieben, Hoppe-Seyler, Buliginsky and Munk found traces of it in nor- 
mal human urine, and Salkowski observed that in ileus and other ob- 
structive intestinal disease, the excretion of phenol in the urine is much 
increased. 

This formation of phenol and phenolic substances, cresol, indol, skatol, 
etc., has been ascribed to the action oiE the intestinal bacterial flora. 
Such organisms as the Bacillus coli comnmms, which is a normal in- 
habitant of the intestinal canal, are harmless under normal circum- 
stances. In conditions of injury to the intestinal mucosa, these organ- 
isms become virulent (Fermi and Salto). Other organisms, like the 
Bacillus putrificus. Bacillus aerogenes capsidaius, which are obligatory 
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anaerobes, thriVe in the colon where there is no oxygen (Herter), and 
break up protein in the carboeyclic, toxic substances. 

It was demonstrated by Baumann that these split products are very 
toxic, but that, when they are united with sulphuric acid, they lose 
their poisonous effect. 

Baumann found that phenol sulphate is a normal urinary constituent 
and that the administration of phenol increases the phenol sulphate in 
the urine. 

Baumann and Herter reported that not only phenol, but also other 
substances were excreted in the urine as ethereal sulphates. They also 
observed that phenol unites not only with sulphuric acid but with other 
radicals. This was confirmed by Schmiedeberg, who found that phenol 
unites with glycuronic acid. 

Upon poisoning dogs with phenol, he found that the liver became 
rich in phenol sulphates. For example, in 100 parts of liver he found 
19 times as much tribrom phenol as in 100 parts of blood. This phe- 
nomenon seemed to prove that the liver is the seat of conjugation of the 
phenolic and indolic radicals with sulphuric acid. 

Lang determined the quantity of ethereal sulphates in the urine of 
geese before and after extirpation of the liver. His figures are rather 
small, and should not be taken conclusively, but he was led to believe 
that the synthesis of the ethereal sulphates was not exclusively performed 
in the liver. 

In experiments performed in vitro, Ebch also demonstrated, so it 
appeared to him, that the liver was not the only seat of sulphocon- 
jugation. He took liver, kidney, pancreas, thymus, muscle, and minced 
each organ respectively, and added phenol and disodium sulphate. He 
kept these mixtures at body temperature or else at 8** to 12** C. He re- 
ported that all the tissues, save the thymus, took part in the synthesis. 
He obtained similar results with orth-, meta-, and paradi-oxyphenol. 

Landi repeated the experiments of Koch, using only the liver tissue. 
But, as he says, due to the fact that decomposition sets in so very soon, 
he could not confirm Koch's findings. In order to throw more light 
on the subject, he made perfusion experiments with the. liver, and he 
came to the final conclusion that the seat of conjugation of the phenolic 
and sulphuric radicals was not the liver but the intestines. 

The results of Landi are directly negated by the findings of Embden 
and Glaessner. They performed perfusion experiments on the organs 
of dogs, using the liver, muscle, kidneys, lungs and small intestines. 
From their investigations they conclude that the liver is the most im- 
portant organ for the formation of the ethereal sulphates. Smaller quan- 
tities of ethereal sulphates are produced in the lungs and the kidneys, 
but the muscle tissue and the small intestine play a very insignificant 
role in the formation of the ethereal sulphates. 

Reale, from his observations, was of the firm opinion that the liver 
was the seat of the synthesis of the ethereal sulphates. 

Finizio confirmed Reale from his clinical findings. In normal indi- 
viduals and in a case of echinococcus hepatic cyst, he foiind that the 



126 FUNCTIONAL DIAGNOSIS 

administration of thymol caused an increased excretion' of ethereal sul- 
phates in the urine. When, however, he administered thymol to a pa- 
tient suffering from hepatic cirrhosis, he found no increase of the 
ethereal sulphates in the urine. 

In normal conditions of the alimentary tract, Strauss and Philipsohn 
found no phenol in the urine, and they concluded that, under normai 
conditions, the phenol and other radicals were conjugated with sul- 
phuric acid. According to these authors, the liver is the seat of the 
synthesis of the ethereal sulphates. 

Herter and Wakeman took 7 grams of liver, kidney, muscle, brain 
and blood, respectively, which were minced, and treated each tissue 
with 10 c.c. of a weak phenol solution, and allowed to stand for two 
to three hours. The mixtures were then distilled, and they found that 
there was a loss in the phenol distilled. The liver retained most of the 
phenol, then came in order the kidneys, muscle, brain. 

In conditions of jaundice, Biernacki found four times the amount of 
ethereal sulphates normally present. Darenberg and Perroy found an in- 
creased excretion of indol and skatol in jaundiced individuals. Labbe 
and Vitry obtained similar results. Magrageas obtained varying quan- 
tities of ethereal sulphates in icteric patients. 

Amann found that in the healthy subject there is a direct proportion 
between the quantities of ethereal sulphates and the total nitrogen in 
the urine. The coefficient of Amann may be thus expressed : 

Eth. S. X 100 
N in Urine 

The value of this coefficient varies between 1.4 and 1.5. This was 
confirmed by Guerbet and Rouen. Slightly smaller coefficients were 
obtained by Magrageas. 

The question has been discussed by Eiger and Hopadze whether the 
aromatic compounds formed in the system are diminished in amount 
and destroyed under normal conditions of hepatic activity, and whether, 
in cases of disturbance of the function of the liver, these compounds 
are obviously increased and placed at the disposal of the liver for con- 
jugation with sulphuric acid. The subject is more important in its 
relation to cases of disease of the hepatic parenchyma than in simple 
biliary stasis. The ethereal sulphuric acids are most frequently, both 
absolutely and relatively, increased in atrophic cirrhosis of the liver, 
and most markedly in tumors of the liver. 

In normal urine 14 to 25 per cent, of the total sulphur is present 
as the so-called neutral sulphur. The easily oxidizable portion of this 
must arise from the sulphocyanate of the saliva, and from other partly 
unknown substances, while the remainder is regarded — in part, at least 
— as a derivative of the taurin of the bile (Lepine). This latter bears, 
in the nomenclature of the French physiologists, the name ** biliary sul- 
phur of the urine." 

Lupine found that in incipient cases of obstructive jaundice in ani- 
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mals and in man, the biliary sulphur was absolutely and relatively in- 
creased as regards the oxidized sulphur (up to 30 to 43 per cent, of the 
total sulphur). After a few days of the biliary obstruction, the sulphur 
became approximately normal, and after long continuance of the disturb- 
ance showed a decrease. 

F. Miiller, who studied a case of jaundice from gall-stones of some- 
what long standing, found on three days the values of the neutral sul- 
phur to be 22.9, 15.7, 10.7 per cent, of the total sulphur. Later in the 
same case, but with different diet the values* were 19.2 and 17.4 per 
cent. In a case of carcinoma of the stomach and liver, accompanied 
by jaundice, the findings were 29.0, 21.1 and 16.1 per cent. These fig- 
ures confirm Lepine's idea that the neutral sulphur diminishes the 
longer the jaundice continues. 

On the other hand, a marked decrease, and even a lowering of the 
normal values, should be expected in chronic obstructive jaundice, pro- 
vided the assumption is correct that in cases of disturbed outfiow of 
bile into the intestines the production of biliary acids is markedly re- 
duced by the interruption of the circulation of bile acids. Since this is 
not observed, the relation of the hardly oxidizable sulphur to taurocholic 
acid must be reinvestigated before an opinion on the formation of bile 
acids can be based on the excretion of neutral sulphur. Hence it does 
not follow that Schmidt should assume that the production of bile 
acids, even in long-continued jaundice, suffers no reduction, because 
he but rarely found high values for the neutral sulphur in his case of 
jaundice. According to Benedict, a portion of the non-oxidized sulphur 
compounds, which may be excreted in increased amounts as a result of 
toxic action on the protein constituents of the body, are to be regarded 
as intermediary bodies which resist the further oxidation to sulphuric 
acid. Corresponding to their presence in the bile (Bial) conjugated 
glycuronic acids are regularly observed in the urine in cases of biliary 
obstruction (Van Leersum) (von Noorden, ''Metabolism and Practical 
Medicine'*). 

The toxic aromatic radicals produced by decomposition of protein 
are conjugated in the liver with sulphuric or glycuronic acid, and are 
then excreted in the urine. If we should take indol as an example, the 
following process would take place. 

Tryptophan, or beta-indol-alpha-aminoproprionic acid, is one of the 
products of decomposition and putrefaction of proteins. It is the 
mother substance of indol and skatol, etc. Upon the breaking down of 
tryptophan, indol, which is very toxic, is produced. 
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NH 
Indol 

Indol is oxidized in the intestines to indoxyL 



Ojt 



NH 
Indoxyl 

If indol or indoxyl enters the general circulation marked toxinemia 
results with its concomitant symptoms. The protective mechanism of 
the body against this toxinemia is to conjugate the indoxyl with soi- 
phuric acid in the liver, producing a substance which is almost non- 
toxic — ^indican. 
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NH 
Indoxyl sulphuric acid 

In the presence of potassium salts : 




C— O— 80,K 



Tndican 

Similar results are obtained with any of the aromatic radicals, as 
phenol, cresol, tyrosin, skatol, etc. 

It is well known that the total sulphur in the urine may be par- 
titioned into three distinct fractions : 
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(a) The inorganic sulphates. 

(b) The ethereal sulphates. 

(c) The neutral sulphur. 

It has been definitely established that, normally, the inorganic sul- 
phates form about 70 per cent, of the total sulphur and the remaining 
30 per cent, are divided almost equally between the ethereal sulphates 
and the neutral sulphur. 

The ethereal sulphates are the conjugated aromatic sulphonic acids. 
It is this fraction that is of special interest to us now. 

It is, of course, impossible to rely upon the excretion of ethereal 
sulphates as a symptom of hepatic function. The proteins which are 
ingested daily give rise to their quota of aromatic radicals which influ- 
ence the quantity of the conjugated sulphates. The condition of the 
intestinal flora plays a role in the formation of aromatic radicals; thus 
it is known that in intestinal putrefaction there is a marked increase in 
the conjugated sulphates excreted. 

The author, therefore, adopted the following technic for the determi- 
nation of liver function by means of the ethereal sulphate output : 

The patient received a dose of castor oil to clean out his bowels. 
He was then kept on a known diet for two days, during which time the 
urine was collected, preserved, and analyzed for total sulphur and 
ethereal sulphates. On the third day the patient received a capsule 
containing one-half gram of thymol. The urine was collected for the 
next two da3rs, preserved, and analyzed for total sulphur and ethereal 
sulphates. 

Thymol is iso-propyl-meta-cresol : 

CHi 

A 

IJIoH 



bo-propyl-meta-ereaol 

If all the thymol were absorbed and if all the thymol were conjugated 
with sulphuric acid and none with glycuronic acid, the 0.5 gram of 
thymol would be excreted as 0.7666 grams of thymol sulphuric acid. 
This would cause a marked increase in the percentage of ethereal sul- 
phates. If the liver were not functionating properly, the thymol would 
not be conjugated, and the percentage of ethereal sulphates would be 
only slightly different from what it had been on the first two days. One 
objection to the study of the function of any organ as an index of disease 
of that organ, is, that it is perhaps possible for the healthy part of the 
diseased organ to compensate and assume the work of the whole gland. 
In such a condition, of course, the functional output of the organ may 
be normal, and would be no index of the pathological anatomy of the 
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organ. Under these eirenmstanees only marked destroctive changea 
would leave their impress on the functional activity of the organ. 



Tabix 10. — ^Ethereal Sulf 


BATE EUMINATIOlf 


BEFORE AND AFFEB 


, Thymol AoMnna- 






TRATiON. (Kahn). 












Ethereal Sulphate 


Case 

No. 




Total 


Ethereal Sulphate 


Sulphur 


Diagnosis 


Sulphur 


Sulphur 


Per Cent. 




(Grams) 


(Grams) 


of Total 










Sulphur 






Before 


After 


Before 


After 


Before 


After 






Thymol 


Thymol 


Thymol 


Thymol 


Thymol 


Thymol 


1 


Normal 


2.0375 
1.9428 
2.7467 
0.9852 


2.1295 
1.7427 
2.5527 
1.0734 


0.2893 
0.1457 
0.3131 
0.1753 


0.5646 
0.3380 
0.6024 
0.7069 


14.2 

7.5 

11.4 

17.8 


26.8 


2 


Gastritis 


19.4 


3 


Fracture 


23.6 


4 


Congestion of liver. . 


28.6 


5 


Congestion of liver. . 


1.7345 


1.6982 


0.2480 


0.3610 


14.3 


21.2 


6 


Gall-stones 


2.7628 


2.8075 


0.7597 


1.0303 


27.5 


36.7 


7 


Gall-stones 


3.0042 


2.6826 


0.3965 


0.8474 


13.2 


29.4 


8 


Cholecystitis 


2.7807 


2.6437 


0.4866 


0.7428 


17.5 


28.1 


9 


Atrophic cirrhosis.. . 


2.2328 


2.3029 


0.2791 


0.3400 


12.5 


15.2 


10 


Tumor of liver 


1.9492 


1.8757 


0.1637 


0.3676 


8.4 


19.6 


11 


Cancer of liver 


2.7526 


2.6278 


0.6083 


0.6648 


22.1 


25.3 


12 


Syphilis of liver 


2.8104 


2.9075 


0.3990 


0.5437 


14.2 


18.7 



In the author's experience, however, disturbances in the structure 
of the liver go hand in hand with disturbances of function, especially 
as is indicated by sulphuric acid conjugation of the aromatic radicals. 
He found that in cirrhosis of the liver, the conjugation of thymol with 
sulphuric acid does not take place to as marked an extent as in the 
normal state. 

It will be observed that in the non-hepatic diseases, and in the non- 
destructive diseases of the liver, a marked increase in the excretion of 
ethereal sulphates was observed on the day after the thymol administra- 
tion. In diseases of the liver, like atrophic cirrhosis, cancer of the liver, 
or syphilis of the liver, this organ has lost its power to conjugate the 
thymol with sulphuric acid. Case Number 10 was a benign tumor of the 
liver, and it seems no destructive changes went on in the hepatic tissue. 

In cases of pernicious anemia, Eahn and Barsky found a deficiency 
in the detoxicating function of the liver (Table 11). 

The following methods may be used for the determination of total 
and ethereal sulphates (Ilawk) : 

Benedict '6 Total Sulphur Method. — Principle. — The urine is 
evaporated and ignited with a solution of copper nitrate and potassium 
chlorate. Organic matter is thus destroyed and all unoxidized sulphur 
is oxidized to the sulphate form and can be readily precipitated with 
barium chlorid in the usual manner. The method is very convenient 
and accurate. 
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TaBLB 11. — SXTLFBOCONJUOATION TlST OF HbpATIC FonCTION IN PebNICIOUS AnKMIA. 

(Kahn and Bareky.) 



Caae 


Total Sulphur 
(Grams) 


Ethereal Sulphate 
Sulphur 
(Grams) 


Ethereal Sulphate 

Sulphur, Per Cent, 

of Total Sulphur 




Before* 


After 


Before 


After 


Before 


After 


X« 

1 
2 
3 


2.0375 
1.536 
1.139 
1.208 


2.1295 
1.6205 
1.0974 
1 . 1522 


0.2893 
0.3993 
0.3075 
0.1691 


0.5646 
0.5055 
0.3237 
0.2154 


14.2 
26.0 
27.0 
14.0 


26.8 
31.2 
29.5 
18.7 



^ Before the administration of thymol and after. 
* This was a normal individual. 



Procedure. — Ten c.c. of urine are measured into a small (7-8 cm.) por- 
celain evaporating dish and 5 c.c. of Benedict's sulphur reagent added. 
The contents of the dish are evaporated over a free flame regulated 
to keep the solution just below the boiling-point, so that there can be no 
loss through spattering. When dryneas is reached the flame is raised 
slightly until the entire residue has blackened. The flame is then 
turned up in two stages to the full heat of the Bunsen burner and the 
contents of the dish thus heated to redness for ten minutes after the 
black residue (which first fuses) has become dry. This heating is to 
decompose the last traces of nitrate (and chlorate). The flame is then 
removed and the dish allowed to cool more or less completely. Ten to 
20 c.c. of dilute (1:4) hydrochloric acid is then added to the residue 
in the dish, which is then warmed gently until the contents have com- 
pletely dissolved and a perfectly clear, sparkling solution is obtained. 
This dissolving of the residue requires scarcely two minutes. With the 
aid of a stirring rod the solution is washed into a small Erlenmeyer 
flask, diluted with cold, distilled water to 100-150 c.c, 10 c.c. of 10 per 
cent, barium chlorid solution are added drop by drop, and the solution 
is allowed to stand for about an hour. It is then shaken up and filtered 
as usual through a weighed Gk)och crucible. Controls should be run on 
the oxidizing mixture. 

Benedict's solution consists of: 

Crystallized copper nitrate (sulphur-free) .... 200 grams 

Sodium or potassium chlorate 50 grams 

Water to 1000 c.c. 

Folin's Ethereal Sulphates Method. — Principle. — ^The inorganic 
sulphates are removed with barium chlorid and the conjugated sulphates 
then determined after hydrolysis. 

Procedure. — ^Place 125 c.c. of urine in an Erlenmeyer flask of suitable 
size, dilute with 75 c.c. of water and acidify the mixture with 30 c.c. 
of dilute hydrochloric acid (1 volume of concentrated HCl to 4 volumes 
of water). To the cold solution add 20 c.c. of a 5 per cent, solution 
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of barium chlorid, drop by drop. Allow the mixture to stand about 
one hour, then filter it through a dry filter paper. Collect 125 e.c. of 
the filtrate and boil it gently for at least one-half hour. Cool the solu- 
tion, filter off the precipitate of BaS04, wash, dry, and ignite. 

The Olycnronic Conjugation Test. — Similar to the sulphoconjuga- 
tion, there is also a glycuronic conjugation in the liver. Soger has made 
this a basis for his study of liver function, and Gautier, Chiray and 
others have confirmed his results. 

Gautier found that in 100 healthy persons examined, the glycuronic 
acid content was pronounced, audi a dose of camphor was followed by 
little if any increase in the glycuronuria on an average diet. The fast- 
ing healthy subject showed a slight increase after the camphor test. In 
cases of heart or kidney disease with insufficiency of the liver there was 
always a notable transient elimination of glycuronic acid after ingestion 
of the test dose of camphor. In fifteen diabetics the camphor test al- 
ways proved negative. In advanced cirrhosis the liver is unable to 
respond to the camphor test. Roger believes that the glycuronic acid is 
manufactured by the liver to combine with certain toxic bodies in the 
organism and thus eliminate them. This assumption is confirmed by a 
recent case of attempted suicide with a preparation of phenol. The 
urine was black and showed the highest proportion of glycuronic acid 
Gautier has ever encountered. Then followed the phase in which there 
was no glycuronuria, after which normal conditions were gradually re- 
stored. With cirrhosis of the liver, the total absence of glycuronuria 
is a sign of a speedily fatal outcome. In tests of alimentary glycosuria, 
the glycuronuria was not modified even by ingestion of 150 grams sugar, 
confirming the view that the glycuronic acid is produced only when 
needed to take care of toxic substances and get them eliminated. The 
Grimbert and Bemier test for glycuronic acid is reliable if the reagents 
are pure. 

The Hippuric Acid Conjugation Test. — ^Morse, working along sinii- 
lar lines, has recommended the administration of benzoic acid to patients, 
and the analysis of the urine for hippuric acid, the result of the synthe- 
sis of the benzoic acid with glycocoll. Since the kidney also plays a 
role in the synthesis of this substance, the value of this test for hepatic 
function is doubtful. 
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CHAPTER IV 

TESTS OP THE FUNCTIONAL CAPACITY OF THE 

CIRCULATION 

The cardiac motive force, p. 137 — The reserve force of the heart, p. 
138 — Compensation and decompensation, p. 139 — Aim of the fmic- 
tional diagnosis of the heart, p. 140 — The significant physical signs 
and symptoms of impaired function, p. 144 — ^Blood-pressure studies 
— The absolute work done by the heart muscle, p. 149 — Cardio- 
vascular response to a general demand for increased circulation, 
p. 155 — Test of efficiency of the right heart, p. 167 — The polygraph, 
p. 169 — The electrocardiograph and its value in functional diagnosis, 
p. 178 — The roentgen ray and orthodiagraph, p. 185 — Metabolic 
changes in impaired heart function, p. 189 — Tests of the functional 
capacity of the circulation in special diseases, p. 19L 

''The heart, consequently, is the beginning of life; the sun of the micro- 
cosm, even as tUe sun in his turn might well be designated the heart of the 
world; for it is the heart by whose virtue and pulse the blood is moved, per- 
fected, made apt to nourish, and is preserved from corruption and coagula- 
tion; it is the household divinity which, discharging its function, nourishes, 
cherishes, quickens the whole body, and is indeed the foundation of life, the 
source of all action." — ^William Harvey, "An Anatomical Disquisition on the 
Motion of the Heart and Blood in Animals." London, 1628 (Chapter VIII). 

The short contractile tube which propels forward the blood con- 
tained in the perivisceral cavity of an ascidian, is neither structurally 
nor functionally much entangled with the other organs of the animal. 
But on passing upward through higher types of life, this simple tube 
is replaced by closed arterial and venous systems ramifying minutely 
in every corner of every organ. We find that the circulatory apparatus, 
while it has become structurally interwoven with the whole body, 
has become unable properly to fulfill its office without the help of offices 
that are quite separated from its own, and unless all of its parts act co- 
ordinately, each adequately fulfilling its own distinct and special 
function. 

The efficiency of the cardiac motive power, the vasomotor system, 
the nervous system and the condition of the other organs of the body 
all affect the adequacy of the circulation. These factors are variable 
and, especially the first three, are closely related to each other. 

Given the limits of what we are to consider as normal, all variations 
from the normal must be taken as indicating disturbance of function. 
No single test alone is, or need be, made the criterion for an abso- 
lute functional diagnosis or prognosis. Estimation of the cardiac effi- 
ciency by one of these tests would only partly disclose the functional 
state of the circulation. However, by combined study of the functional 
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organization by means of clinical observation and the use of various 
technical methods, a fair estimate may be obtained of the state of eflS- 
ciency of the circulation. 

The Cardiac Motive Force. — That the heart shall continue to act 
normally, its substance must be continuously fed with an abundant sup- 
ply of arterial blood. Given this fuel, the heart possesses motor powers 
complete within itself. 

It carries in its structure a systen^ of specialized cells which gen- 
erate automatically the impulses causing its contractions. One group 
of cells, the so-called sino-auricular node of Keith and Flack,^ is placed 
between the sulcus terminalis and the junction of the superior vena 
cava with the right auricle. This is the normal pace-maker of the 
heart.^ Another group of cells, the atrioventricular node of Tawara,' 
is situated in the posterior wall of the right auricle near the inter- 
auricular septum. This group assumes the function of pace-maker for 
the ventricle if the sinus node ceases for some reason to dominate the 
heart's contractions.* 

It should be noted that there are a number of other places where 
an independent contraction may arise. That is, if any part of the 
heart muscle is rendered more excitable than the nodal structure, the 
contraction would proceed from that part.' 

The function of the heart represented by the specialized cells is called 
the chronotropic function, the function of impulse-formation or of 
rhythm in the heart's contraction. Their probable mode of action is by 
conversion of chemical into kinetic force. This function is so specially 
delegated that any abnormalities of it may be directly attributed to 
alteration of sensitiveness, disease or destruction of the cells control- 
ling it. 

From the sinus region the cardiac impulse normally travels from the 
auricles to the ventricles along a bundle of Purkinje fibers. This, 
the bundle of His, divides into two branches which pass to the 
right and left ventricles and arborize just beneath the endocardium to 
supply the papillary muscles and the walls of the ventricles. Saigo found 
that these fibers are much richer in glycogen granules than the ordi- 
nary muscle-fibers.^ For any variation of the function of conductivity 
(dromotropic function) this specialized system of fibers is therefore 
responsible. 

The property of cardiac muscle to receive stimuli is termed its ex- 
citability or bathmotropic function. 

The fundamental power of contraction of the heart muscle (inotropic 
function) differs from the characteristic contractility of skeletal mus- 
cle. The nerve distribution in skeletal muscles regulates their con- 
tractility. With the heart muscle a stimulus which is just strong enough 
to cause a contraction will cause the strongest contraction which 
that heart can make under the given conditions,^ due to the arboriza- 
tion of the conducting tissue. After the contraction the heart loses for 
the time being its ability again to respond to a stimulus. This is called 
the refractory period. 
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yir$Mtty, ttiMir h^ri mwmh pfm^amm the prripertj of iofoidtj wludi 
$!0mirh\n Uj^ d^^iff^ of itn reUtxatum* The reeognitioD of the state of 
t/;fM; '/f tb^ h^rt mtmtmlniurt w very neecwaiy to onderftaDd the failing 
h^n fffifip^ly. 

l^frffici functwning of the heart would imply a state in which aU 
the quiUiiieH of the cardiac Mimciure are normal and coordinaie. In no 
ortiHu in ^?x^frn pi J fie^i t// a higgler degree the fact that the mntoal de- 
fieri/J«'ii/7if of furudioun in prop^irtkinate to their specialization. // any 
of the qualitieu are deranged, to that extent wUl the normal function 
of the whide ofifan he dinturhed. The recognition of iuch derangements 
of funciifm and of their significance forms a part of the study of the 
effirAeni'.y of the circulation. 

^riie eornplementary action of the vasomotor system is indispensable 
in tnairilainirifc ad<i^|uate circulation. The size of the field of distribu- 
tion of the blood is under vascular control. The degree to which the 
heart <'^>uld compensate for extreme loss of vasomotor control would in- 
dicate, i)erhaf>s more than any other observation, how satisfactory 
mechanically the organ is. 

Tho Bssorvo Force of tho Heart.— ''While all the functions when 
exercised use all the force they possess, they nevertheless manifest a 
quality whereby they can respond, under certain circumstances, with a 
greater activity. Thus the rate may be suddenly increased, and at the 
same time the stimulus passed from the auricle to the ventricle with 
increased rapidity, and the contraction be executed quicker. These 
ehangim are to a great extent under the control of the nervous system." * 
it is this j)ower of responding to effort that gives us the clue to the real 
state of the heart. 

Under normal conditions an increased demand for blood by an organ 
may be fully supplied by vasomotor regulation. If the demand becomes 
g<*neriil, with u (leflciency of oxygen in the circulation throughout the 
body, us occurs during strenuous muscular exercise, adequate circula- 
tion ciinnot be miiintainod through vasomotor action alone; the heart 
must partake in this compensatory process. 

During its nonnal activity the heart possesses an available reserve 
force l)y nieans of which the amount of circulation may be increased. 
In A state of vaNomotor incompetence, therefore, the task of transporting 
the oxygtni and of increasing the velocity of the circulation devolves 
\ipon the cardiac motive force. 

The roHorvo force may evince itself in two ways, i.e., either by an 
InorcaNO in rate or by an increase in the systolic output with each beat. 

DilTortMit individiuils react differently in this respect." In untrained 
hnirtit, (W urll as in the chronic infections and cachectic diseases and in 
niatiH of nrrvous or ps^ichic stimulation, the heart usually reacts hy an 
•MrrciMr in nUv. In athlvti\^, on the other hand, or in cases in which 
tjtrrvis^r has bvvn prtuticed, the heart usually reacts by increased diastolic 
♦M<ii*e and stystolic output to make up for the circulatory needs. In the 
latter case, the heart dilates, increasing its capacity, so that with each 
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contraction there ensues the expulsion of a larger quantity of blood into 
the systemic circulation. 

In the first instance, the increased rate, if excessive, may partly defeat 
its purpose. Complete and prolonged systolic contraction usually takes 
place at the expense of the diastolic period. The tachycardia may be- 
come so marked that the period of diastole will be shortened to such a 
degree that the filling of the ventricles will be very deficient. A small 
systolic output will naturally occur. The x-ray in such an instance 
would show the size of the heart during diastole to be less than normal. 

In the second instance also the demand upon the heart may exceed 
its capacity. Normally a small amount of residual blood remains in the 
heart even after complete contraction. If the diastolic intake is 
abundant and the heart muscle is too weak to expel the entire content 
with each systole, an increasing amount of residual blood remains in 
the left ventricle after each heart-beat. The a;-ray in this instance would 
show a heart dilated above normal during its diastolic phase.^^ 

Upon this fact are based some of the methods of testing the heart's 
functional capacity. If either of the modes of reaction of the heart to 
muscular exertion fails to enhance and to maintain the circulation effec- 
tively, heart-failure results. The venous pressure increases^ the tissues 
become laden with carbon dioxid and their supply of oxygen from the 
arterial current becomes inadequate. On the other hand, if the strain 
is not continued, after a sufficient period of rest, the heart regains its 
former volume and later its former tonicity and once more may acquire 
its original strength. 

Excessive dilataiion of the heart during or after exercise vndicaies a 
lowering of tonicity and the onset of overstrain. It represents a patho- 
logical condition in which the heart has overstepped its limits. The 
condition usually recedes and leaves no traces unless the heart is again 
overstrained while still in a dilated condition. 

Compensation and Decompensation. — From the clinical point of 
view, as long as the heart is able to maintain an adequate amount of 
blood-flow throughout the circulation, the latter may be said to be com- 
pensated. Good cardiac compensation implies that the heart is able 
not only to do justice to a normal or an increased demand during rest, 
but also to accommodate itself to extraordinary effort. 

Decompensation, or heart-failure, as Mackenzie puts it, is really the 
outcome of the impairment of the functions of the heart muscle itself. 
That is, heart-failure is a physiological effect and is frequently not at 
all relevant to the anatomical changes that have taken place in the 
heart-valves as result of disease. In like manner, the symptoms of heart- 
failure are not the outcome of the lesion affecting the heart-valves, but 
rather thiey are the expression of impaired function of the heart muscle 
and furnish evidence of the insufficiency of the reserve force. 

"The functional efficiency of the heart muscle depends upon the 
amount of reserve force, and it is by estimating the amount of reserve 
force that we recognize the presence and degree of heart-failure, and 
the bearing of any sign or symptom on the heart 's efficiency, which is the 
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essential matter in the study of all forms of affection of the heart." ^* 

Aim of the Functional Diagnosis of the Heart. — Changes in the flow 
of the blood throughout the body may be occasioned by nervous influ- 
ences, vascular dilatation and contraction, and by alteration of the 
heart's action. The first two factors are very variable. 

It is the mm of functional diagnosis to estimate the functional in- 
tegrity of the heart as a pump, to learn if the heart may submit to the 
usual demands of active life and if it can undergo an anticipated amount 
of strain, such as is entailed by work, anesthesia, child-birth, febrile tox- 
emia, etc. 

Functional diagnosis should also serve as a clinical index of the in- 
crease or diminution of the heart's efficiency as the result of treatment 
or muscular work. 

In a comprehensive study of circulatory eflSseiency, therefore, it should 
be our aim to ascertain which of the various portions of the cardio- 
vascular mechanism are intact and which are deranged, to what extent 
the derangement of structure and function affects the circulation of the 
blood, and to what degree it affects the normal activity and longevity 
of the individual. 

The complementary action of the vasomotor system is very important 
in maintaining adequate circulation. This factor is different in dif- 
ferent individuals and its variations are perhaps the greatest source of 
error in determining the eflBciency of the circulation. 

Most of the tests of heart function are based upon circulatory changes 
produced by muscular exertion. The clinical symptoms and physical 
signs may indicate the direction, but probably not the exact level of 
cardiac efficiency. Changes of pulse-rate and blood-pressure reveal im- 
portant criteria in the study of heart function. The technical methods, 
the sphygmograph and electrocardiograph and the roentgen ray have 
proven themselves valuable aids. 

A more or less complete analysis of heart function, therefore, should 
comprise the following studies: 

I. Significant physical signs and symptoms. 

1. Irregularities of the heart. 

2. Variations in rate — ^bradycardia and tachycardia. 

3. Changed quality of the pulse — pulsus alternans, etc. 

4. Auscultatory signs. 

5. The evidence in other organs of impaired heart function. 

II. Blood-pressure studies. 

1. Cardiac eflSciency factor of Tiegerstedt. 

2. The second tone phase test of Tomai. 

3. Cardiac strength— cardiac weakness ratio. 

III. Cardiovascular response to a general demand for increased cir- 
culation. 
1. Methods depending upon variations in pulse-rate: 

(a) The effect of change of posture upon the pulse- 
rate. 
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(6) Mendelsohn test, 
(c) Herz's test. 
2. Methods depending upon variations in blood-pressure: 
(a) The effect of change of posture upon the blood- 
pressure. 
(6) Effect of exercise upon the blood-pressure. 

(c) Stair-climbing test of Selig. 

(d) Herz's gymnastic resistance test. 

(e) Katzenstein's test — compression of femorals. 
(/) Epinephrin test. 

(g) Graupner's exercise test. 

(A) Barringer's test — ^*' delayed rise'* of pressure. 

rV, Tests of eflBciency of the right side of the heart. 

1. The venous pressure. 

2. Breathing tests. 

V. The polygraph. 

1. Interpretation of sphygmographic tracings. 

2. Significant pulse and apex tracings in myocardial de- 

generation. 

VI. The electrocardiograph. 

1. Interpretation of the electrocardiogram. 

2. Significant electrocardiogram in myocardial degeneration. 

VII. The roentgen ray and orthocardiograph. 

1. Variations in the size of the heart during and after work. 

2. The reflex effects of external irritation on the size of 

the heart. 

VIII. Metabolic changes in impaired heart function. 

1. Vital capacity of the lungs in relation to heart function. 

2. The elimination of salt as an index of heart function. 

IX. Functional tests in congenital and abnormal hearts, in cardiac 

displacements, and in special diseases. 

L The Significant Physical Signs and Symptoms of Impaired 
Function. — 1. Irregularities op the Heart. — Respiratory arrhyth- 
mia and the ** youthful irregularity*' of Mackenzie do not indicate any 
disturbance of heart function. In fact, sinus arrhythmia in the young 
individual indicates normal heart muscle^* (Fig. 9). 

All other forms of arrhythmia are not to be overlooked as they indi- 
cate impairment of the motor mechanism of the heart. When we find 
irregular action we may assume that a waste of the heart's energy occurs. 
After a premature ventricular contraction, there occurs a long pause 
during which the ventricle is overfilled with blood. The following con- 
traction is necessarily exaggerated in order to expel the increased con- 
tent. When extra-systoles are frequent, as in pulsus bigeminus, or in 
pulsus trigeminus, abnormally large quantities of blood are mobilieed 
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with each normal systole. This may eventually lead to fatigue of the 
ventricular muscle (Fig. 10). 

With the pulsus irregularis perpetuus, of auricular fibrillation, a 
great number of the heart's contractions are incomplete and have little 
effect upon or value in the circulation. The heart is overstimulated with 
many futile and unavailing contractions. The waste of the heart's 
energy is at a maximum and exhaustion of its musculature follows. 

2. Variations in Rate. — Tachycardia, — As before explained, this 
may impair the circulation. The beats; following each other in rapid suc- 
cession, do not permit of proper filling of the ventricle. To maintain the 
circulation, a slower rate would suffice. The heart, acting rapidly, is 
therefore working out of proportion to the demand put upon it,- and will 
easily become fatigued. During tachycardia the heart is smaller in its 
diastolic phase than in normal diastole. With fatigue of the left heart, 
dilatation takes place, systolic contractions become incomplete and each 
diastole finds the heart wider than before. In this way a state of tachy- 
cardia, apparently harmless, without any recognizable organic basis, can 
become clinically extremely significant. 

Bradycardia, — Disturbances of conduction resulting in prolonged 
diastole cause an increased intraventricular tension. If there exists 
complete heart-block, the function of the heart is usually better than in 
cases of partial or changing heart-block. In complete heart-block, the 
ventricular musculature adapts itself to the increased amount of blood 
forced into it by the successive auricular contractions. It dilates and 
hypertrophies and after every so many auricular contractions propels a 
larger volume of blood into the systemic vessels. If, however, the ven- 
tricle responds from time to time to the auricular stimulus — and it must 
respond with its complete contraction — there occurs a waste of its en- 
ergy' if it contracts after a short diastole, or it lacks power to completely 
empty itself if the diastole has been prolonged. Temporary stasis then 
occurs because the blood is not propelled into the aorta; and signs of 
congestion of the visceral organs, especially of the brain, develop — such 
as dizziness, unconsciousness and even convulsions, as in Stokes-Adams 
syndrome (Fig. 11). 

3. Changed Quality op Pulse. — Alternation of the pulse indicates 
a state of myocardial exhaustion. Pulsus alternans is an irregularity 
due to a variation in the force of the beats of the heart, a strong beat 
alternating with a weak one. The rhythm, however, is perfectly regu- 
lar. The real cause of this form of pulse wave has escaped detection. 
**The disturbance is dependent upon some unexplained anomaly of 
the ventricular systoles, whereby at each alternate systole of the left 
ventricle a greater or smaller quantity of blood is thrown into the sys- 
temic arteries."^* It occurs in cases of tachycardia, where it does 
not seem to have any very serious import. It also occurs where the 
heart-fate lies within normal limits, and at such times it is a sign of 
much clinical value. 

In the vast majority of cases it is associated with degenerative changes 
\XX the heart muscle, and indicates some degree of heart exhaustion. It 
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is, therefore, of very grave significance. The alternation itself causes 
no symptoms, except those referable to the myocardial changes respon- 
sible for the pulse anomaly. It may first be discovered upon measuring 
the systolic blood-pressure in the arm (Fig. 12). 

4. Auscultatory Signs op Heart Function. — Auscultation will 
yield much valuable information as to the sufficiency of the heart. If 
there is an insufficiency of the power of the left ventricle through diminu- 
tion of its contractility, or elasticity, the aortic second sound will show 
a relative reduction in intensity following brief exercise, owing to a 
smaller systolic output of blood. If under such circumstances the right 
ventricle remains sufficient, there will be a simultaneous accentuation of 
the second pulmonic sound. Cases which present this combination of 
signs are likely to end favorably. 

Insufficiency of the right ventricle is also shown by a relative diminu 
tion in the intensity of the pulmonic second sound following exercise, 
and when this is combined with evidence of sufficient power of the left 
ventricle, the prognosis is less favorable. 

If the accentuation of the aortic first sound is greater than that of 
the second, it is an indication of the hyperexcitability of the vasomotor 
center which leads to vascular dilatation during work to relieve the 
strain on the heart. If the vasomotor disturbance is considerable and 
the aortic sound much reduced, this may result in an insufficient per- 
ipheral circulation." 

A special form of stethoscope has been devised for the purpose of 
estimating the comparative intensity of the various heart-sounds.^* The 
value of this stethoscope (Bock) depends upon the fact that the normal 
ratio of intensities of the first sound at the apex to the second sound 
at the base is approximately 2 : 1. According to some authors who 
have used the instrument, this ratio is frequently altered when the myo- 
cardium is affected, and may become 1 : 1." 

It is important to differentiate functional from organic heart mur- 
murs. Functional murmurs show decided changes of intensity, and, in 
contrast to organic murmurs, rather become weaker than more pro- 
nounced by energetic cardiac action, and may disappear entirely if the 
heart is under stimulation, particularly by digitalis.^* 

5. Symptoms in Other Organs. — When th^ heart is forced to ex- 
ercise for a period at the full extent of its power, heart-failure sets in. 
This produces an insufficiency of circulation in the various organs. The 
functional impairment of the latter may produce symptoms indicating 
the debilitated power of the heart. 

The symptoms of heart-failure, therefore, are very variable, depend- 
ing upon which organs in different individuals are most affected by the 
deficient blood supply. 

Dyspnea is one of the earliest symptoms of functional disturbance 
of the heart. The respiratory center is extremely sensitive to changes 
of the oxygen and CO, content of the blood. Therefore it was main- 
tained that dyspnea results from insufficient oxygenation of the medul- 
lary center. This, however, has been contradicted by Kraus, who showed 









be 

P 
o 

•a 

g 

o 
• o 

< 00 



DO « 

CM W 
2 •*! 

to 

a 

9-* 

-a 






C8 



hi 

a 



to 



** s 

^« 9-* 

C8 O 

s g 

I -a 

. '^ 

08 08 

00 o 

^ a 



S. 



§ ft 

to I 

o .5 « 

•«- § « 

«r^ 

go^ o 

S N o 

•*» o8 

^^ _ 

rO C8 • 

e V bo 

« ^ O 

9 • <4^ 



§ 



U8 



FUNCTIONAL CAPACITY OP CIRCULATION 149 

that the amount of oxygen taken up by the blood and of COj given oflf per 
minute is practically unchanged in cardiac failure. That is, the rapid 
breathing induces a greater amount of air to enter the lungs per min- 
ute without altering the amount of oxygen taken up by the blood.^® 

It is, therefore, probable that stasis in the pulmonary capillaries 
stimulates the vagus endings in the same way as does CO,. The elas- 
ticity of the lung is probably diminished and its volume is increased.*® 

This explanation of the dyspnea in heart-failure finds support in 
the clinical experience that severe dyspnea, panting, is an early sign of 
mitral lesions, while in aortic disease it is a sign of severe decompensa- 
tion. Welch demonstrated that in conditions in which the force of the 
left heart is impaired without impairment of the right, dyspnea and 
the other respiratory disturbances occurred.*^ Failure of the right ven- 
tricle substitutes a state of broken systemic compensation and the dysp- 
nea may become much relieved and give place to cyanosis, enlargement 
of the liver and edema.** 

Associated with dyspnea, perhaps the earliest sign of heart-failure 
will be found in the appearance of fine crepitations at the bases of the 
lungs. In patients with mitral lesions particularly, the bases of the 
lungs will be found to show signs of edema in the early stages of break- 
down. 

Stasis Phenomena. — Stasis phenomena in heart disease, such as .edema, 
ascites, hydrothorax, are evidence of failure of compensation of the 
right side of the heart. When the force of the heart no longer main- 
tains the arterial pressure at the height necessary for efiScient circula- 
tion in the tissues, we get the symptoms in the remote organs, with the 
development of dropsy, ascites and enlarged liver. The disappearance 
of dropsy is often a definite sign of the restoration )of the heart's tone. 

Angina Pectoris. — Mackenzie has advanced the view, most significant 
from the standpoint of functional diagnosis, that ''angina pectoris is 
but the expression of an exhausted muscle.'* The exhaustion may arise 
from any cause that overtaxes the heart. The gravity of the case does 
not depend upon the violence of the symptoms. Its importance must be 
estimated by an examination of the conditions that have induced the 
muscular exhaustion. The presence of other phenomena, such as cardiac 
asthma, pulsus alternans, or Cheyne-Stokes' breathing, is an additional 
evidence of such advanced exhaustion and renders the outlook very 
grave. 

Allbutt rejects this theory and believes that the angina is a pain 
located in the ascending or suprasigmoid portion of the ascending aorta, 
and that this pain is due to tension or stretching of the nerve endings in 
the adventitia. He believes that the sudden death in angina is due to 
vagus inhibition as a result of the pain." 

11. Blood-pressure Studies — ^The Absolute Work Done by tbe 
Heart Muscle. — 1. Sphygmomanometry. — The estimation of the ar- 
terial pressure is of great importance in the examination of the cir- 
culatory system. Not alone is this necessary for the proper interpreta- 
tion of the various tests later to be described, but it is only from a careful 
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analysis of the factors entering into its production that the absolute and 
relative amount of work done by the heart can be ascertained. 

With each systole, the left ventricle expels its content of blood into 
the arterial system. The larger arteries are thus distended to a slight 
degree. The elastic coats of the arterial walls cause them to recoil and 
to compress the column of blood within them. This serves to keep the 
pressure at a certain height in order to maintain a continuous flow of 
blood through the capillaries. The pressure within the arteries is spoken 
of as the blood-pressure or arterial pressure. 

The factors thus concerned in the production and maintenance of the 
blood-pressure are: (1) the volume output of the left ventricle; (2) the 
rate of the heart-beat; (3) the elastic recoil of the arteries, and (4) 
the peripheral resistance of the capillaries. The viscosity of the blood 
and the total amount of blood in the body are lesser factors, influencing 
the peripheral resistance.^* 

2. Methods op Measuring the Blood-Pressure. — Dig^ital examina- 
tion of the pulse reveals a number of important data. The palpation 
of the arterial wall, the resistance it offers to the compressing finger, 
the size of each beat, the manner of its rise, the duration of the pulse- 
wave, and the diastolic pressure after the wave has subsided, are indi- 
cators of value, some of which the finger alone can detect. This method, 
however, offers no mathematical accuracy in interpretation and must 
therefore be supplemented by the instrumental methods which have come 
to play a most important role in the study of the circulation. How- 
ever, we must not deprive ourselves of those pulse impressions which 
the finger alone will reveal to us and some of which cannot be acquired 
in any other way. 

Many instruments have been devised to measure the arterial pressure. 
Some are manometric and other methods are graphic. Most of the 
instruments, however, depend upon compression of the brachial artery 
by an air-bag placed around the arm. The bag is inflated to a pressure 
above the maximal pressure in the artery when the radial pulse is found 
to disappear. The air in the bag is then allowed to escape and the pres- 
sure noted at which the radial pulse-beats return. The pressure in 
the bag is measured by a mercurial or spring manometer to which 
it is attached by rubber tubing. It is necessary to use a wide cuff, at 
least 12 cm., as it has been shown that the possibility of error with a 
narrow cuff may be as much as 40 per cent, of the reading.^' 

The deduction is that th^ amount of pressure required to just ob- 
literate the pulse is exactly equivalent to the intra-arterial blood-pres- 
sure. One important source of error must not be overlooked. It was 
formerly assumed that a very small amount of pressure would sufiSce 
to completely compress the normal artery .^* This was evidently fal- 
lacious, as it has been definitely shown that it may require a consider- 
able amount of pressure, even up to 30 mm. of mercury, to overcome 
the resistance of the arterial wall alone in certain cases in which the 
artery is thick, contracted or sclerosed.*^ 

The instruments used are in the main mechanical variations of the 
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Riva-Bocci type.^^ They all consist of an inflatable air-bag which sur- 
rounds the arm. H ill's instrument consists of a small bag which is com- 
pressed over the radial artery.*® The bag is connected by a tube to 
a mercury, compressed air or spring manometer. The bag is inflated 
through another tube and the pressure read off directly from a scale 
on the manometer. 

Inasmuch as the graphic methods of blood-prersM^e estimation are 
not for general clinical adaptation, mention of them will sufSce. 

The Erlanger sphygmomanometer consists of a bioou-pressure instru- 
ment as above described.^® The bag, however, is indirectly connected 
with a ^larey tambour and the pressure changes are recorded by the 
movement of the tambour upon smoked paper on a small drum. 

Uskoff's sphygmotonograph consists of a Jacquet sphygmograph com- 
bined with a sphygmomanometer.'^ Together with the pulse-wave, the 
absolute blood-pressure is recorded automatically by means of a float 
upon the mercury manometer. 

The sphygmobolometer (Sahli) aims to record the pulsations in the 
cuff by a float on top of the mercury column.'* 

The plethysmograph was the first useful apparatus devised for esti- 
mating the blood-pressure in man.'* The hand or forearm is placed in 
a glass container filled with water and possessing an accurately fitting 
rubber cuff to make it air-tight. The inside of the vessel leads by a 
rubber tubing to a recording pen and drum. It shows the volume changes 
in the arm caused by variations in blood-pressure. 

3. Auscultatory Method op Estimating Blood-Pressure. — Korot- 
kow in 1905 first advocated the use of the auscultatory method of esti- 
mating blood-pressure.** The usual cuff and manometer are used. A 
stethoscope is applied 2-4 cm. below the cuff over the brachial artery. 
The blood-current is shut off and when the mercury is permitted to fall 
gradually, a clear tone is heard corresponding to the point of maximum 
systolic pressure. A sequence of sounds then follows as the pressure 
is gradually reduced in the cuff, until all sound disappears from the 
brachial artery; sometimes a low, dull tone may persist. This point cor- 
responds to the minimum or diastolic blood-pressure. 

Numerous studies have been made to discover the significance of 
changes in maximal and minimal arterial pressures and careful analyses 
of the cycle of sounds in the artery below the point of compression 
have suggested certain tests of myocardial function. 

We need not enter into the theoretical considerations regarding the 
formation and interpretation of the sounds. The factors involved are : 

(1) the impulse given to the blood-current by the heart's contraction;" 

(2) the suddenness of the distension of the vessel;'' (3) the amplitude 
of the blood-wave;*® (4) the diameter of the vessel," and (5) the resonat- 
ing character of the cuff.'® 

There are described five phases during the lowering of the external 
pressure from above the obliteration point. 

1. A clear, sharp sound — the index of systolic pressure. 

2. A murmur of variable duration replacing the above. 
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3. A dear, usdaDt loud and snappy sound replacing the murmur. 

4. A transformation (usoaUy sudden, at other times more gradual) 
of the clear sound into a duU one, the index of diastolic pressure. 

5. The disappearance of all sound. 

The maximal blood-pressure in the arteries occurs during ventricular 
contraction. The diastolic is the minimal arterial pressure and repre- 
sents the ebb to which the arterial pressure falls while the aortic valves 
remain closed. Von Recklinghausen found that in taking the reading by 
the mercury manometer the large oscillatory waves which occur in the 
mercury column begin and end abruptly and these points he considers 
the i)oints of maximal and minimal pressure.^ 

The amplitude or range of arterial pressure between systole and 
diastole is the result of the volume output into the circulation of the 
heart and is called the pulse-pressure. It indicates the extent to which 
the heart overcomes the peripheral resistance. It represents that ex- 
cess over diastolic pressure which opens the aortic valves and distends 
the arterial walls. 

We shall concern ourselves with the significance of the Hood-pres- 
sure as an index of the functional capacity of the heart. 

The normal s\-stolic blood-pressure of adults up to forty years varies 
from 115 to 125. It is less in younger individuals and females, and 
usually increases with age, so that a pressure of 140 to 150 may be 
considered normal in people over fifty years. The normal diastolic 
pressure ranges from 30 to 50 mm. mercury below the systolic pressure. 

Gibson has suggested that certain arithmetical relations normally 
exist between the three divisions of the blood-pressure :*• 

Diastolic : Systolic = 2:3 

and 

Pulse Pressure : Systolic Pressure = 1:3 

Based upon the ratio of these factors to each other, certain methods 
have been suggested for the estimation of the efficiency of the heart 
considered as a pump. 

4. Tests for the Estimatiox of the Efticiekct of the Heart. — 
(a) Cardiac Efficiency Factor of Tigersiedt. — Tigerstedt " utilizes the 
formula of Poiseulle ^ which is used for fiuids circulating in horizontal 
tubes. Reasoning from that formula, he suggested the following: 

The pulse-pressure or volume output of the heart multiplied by the 
pulse-rate represents the velocity of the circulation. The systolic pres- 
sure multiplied by the pulse-rate represents the total amount of work 
done in the circulation. The quotient of the velocity of circulation 
divideii by the total work in the circulation gives the efficiency of the 
heart as a pump. Thus: 

P. P. X Pulse-rate = Yel. 
Syst, P. X Pulse-rate = Work 

P.P. 



S.P. 



= Efficiency of heart as a pump. 
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This is called the blood-pressure coefiSeient. In the normal individual 
this coefficient is 25 to 35 per cent. A cardiac efficiency factor below 
20 per cent, or over 40 per cent, would indicate myocardial inefficiency. 
To illustrate, a systolic pressure of 130 mm., while within normal limits, 
may in truth represent the total power of a failing heart if accompanied 
by a diastolic pressure of 110 and a pulse-pressure of 20 mm. — ^as the 
formula would show: 

p.p. 20 ,_ 

The same conditions may be present with a high systolic and a 
high diastolic pressure. Great increase of the P. P. is pathological and 
may be more than the normal heart can stand. The myocardium may, 
to a limited extent, hypertrophy, to be enabled to bear the. overload of 
volume output. If the overload becomes excessive and the heart begins 
to fail, the pulse-pressure would fall at the expense of the maximal pres- 
sure. Thus in compensated and advanced arteriosclerosis and chronic 
interstitial nephritis a systolic pressure of 180 to 200 mm. accompanied 
by a diastolic pressure of 110 to 120 mm. is frequently seen, and in 
such cases when the heart begins to fail the systolic pressure falls, while 
the diastolic pressure, owing to the rigid arteries and the increased 
pulse-rate occasioned by the dilating heart, may remain relatively high, 
and as a result the pulse-pressure falls until the head of pressure in the 
arteries is no longer sufficient to maintain the circulation. 

Stone has suggested the determination of a cardiac load and overload 
factor based on auscultatory blood-pressure determinations.** He con- 
siders that the pulse-pressure measures the energy of the heart in systole 
in excess of the diastolic pressure. For clinical purposes, it represents 
the load of the heart. Under normal conditions it is approximately 50 
per cent, of the diastolic pressure. The myocardial load, according to 
Stone, may therefore be expressed by the fraction 

Pulse Pressure P. P. 

or 

Diastolic Pressure D. P. 

Since the diastolic pressure measures the peripheral resistance, it 
is a better index of hypertension than the systolic pressure. A sustained 
diastolic pressure of 100 to 110 signifies hypertension. The diastolic 
is less influenced by physiologic factors than the systolic pressure. 

(6) Tomai's Test: Auscultatory Phase-relations in Functional Diag- 
nosis of the Heart, — Korotkow recognized three phases in the arterial 
tones produced by compression of an artery by a Riva-Rocci cuff, a 
maximum pressure tone, a minimum pressure tone and a murmur mixed 
with these occurring at a variable point between these two. Later 
authors recognized (Ettmger," Fischer**) a fourth dull tone below the 
highest diastolic point. 

Tornai discerns as many as six phases and he bases his functional 
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diagnosis upon certain variations in the relationship of these tones to one 
another.*' 

Technic of the Test. — Tornai finds a narrow cuflE (modified by Sahli) 
most convenient for auscultatory estimations. The minimal or diastolic 
blood-pressure is first determined. The cuff is then inflated to ascertain 
the maximal pressure. Gradually the air is permitted to escape from 
the cuflf and the pressure is noted at which the arterial murmur appears. 
The pressure is further lowered and the point noted at which the mur- 
mur disappears. Note is kept of whether the murmur is loud or not and 
whether it is pure or mixed with the pulse-sound. 

The patient then executes a moderate amount of work — such as sit- 
ting up and lying down several times, or raising his feet in the air a 
number of times. It is important to eliminate as much as possible any 
excitement or undue strain. For each of several minutes after cessation 
of the muscular exercise the blood-pressure readings are taken with 
especial reference to the time, duration, character and intensity of the 
arterial murmur. 

These measurements indicate the duration of the altered heart action 
and how long it takes the heart to return to normal. 

Standards. — In healthy people there is normally a period in the blood- 
pressure reading during which an arterial murmur is audible. This 
murmur increases in duration after moderate exercise, above the maximal 
point. Within 3-5 minutes after work, however, the normal heart re- 
turns to its normal phase-relations. 

After fatiguing work, 8-10 minutes may elapse before a return to 
normal. During this period after fatiguing exercise the maximal and 
minimal pressure as well as the position of the murmur are lower than 
before. 

When we find, therefore, that after exercise the arterial murmur be- 
gins higher and nearer the maximal pressure and that the maximal 
and minimal pressures have not fallen, we may conclude that the heart 
in that case possesses a sufficient reserve force (for the amount of work 
executed). 

In heart disease diminished reserve force will be indicated by a short- 
ening of the murmur phase and its depression after exertion. 

In cases of marked hypertrophy of the left ventricle Tornai found 
that a normal reaction to exercise may take place because of the in- 
creased output with each beat, although the functional capacity of the 
heart may be affected by its valvular trouble. 

He tabulated the findings in a number of cases before and during 
treatment. In one case of Addison's disease phase-variations in 
the blood-pressure were restored approximately to normal during a sys- 
tematic course of adrenalin treatment. In a second similar case no 
benefit was derived from the treatment and the abnormal auscultatory 
findings persisted. 

(c) Cardiac Strength-Cardiac Weakness Factor as Measured by Aus- 
cultatory Phases. — Goodman and Howell have measured the five differ- 
ent phases of the cycle in figures of pressure on the manometer.** With 
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the normal pressure, systolic 130 mm. and diastolic 88 mm., the phases 
are fairly distinct and bear a certain relation to the extremes of pres- 
sure. 

The first phase, or tone phase, serves principally as an index of the 
height of systolic pressure. The second or murmur phase seems to be 
especially dependent upon cardiac effectiveness. It is in this phase 
alone that the individual sounds possess a distinct element of duration. 
Many authors have agreed that the second phase or murmur phase of 
the auscultatory blood-pressure observation indicates cardiac strength. 
Tornai was among the first of these, and he has developed the test of 
myocardial efficiency based upon it (described above). 

The third phase, or second tone phase, according to Goodman and 
Howell, depends not alone on cardiac eflSciency, but also on the char- 
acter of the vessel wall. The more sclerotic the vessel and the greater 
the cardiac hypertrophy, the more favorable are the conditions for the 
production of a clear tone. 

The fourth phase indicates the point of diastolic pressure. Good- 
man and Howell found the following percentages normal : 

1st phase 31.1 

2nd phase 44.4 

3rd phase 11.1 

4th phase 13.3 

They considered that the cardiac strength as indicated by the sum of 
the second and third phases bears normally a ratio of 5 to 4 to the sum 
of the first and fourth phases. 

It is, however, not always practically applicable, because the second 
sound is sometimes absent normally and difficult to determine and 
also because a short second phase is very frequently made up by a 
long third phase. 

m. CardiovaBCular Response to a Gteneral Demand for Increased 
Circulation. — 1. Methods Depending upon Variations op the Pulse- 
Rate. — (a) The Effect of CJiange of Posture upon Pulse-Bate. — As early 
as 1833, Donnell showed that the pulse-rate is nonnally slower in the 
recumbent than in the erect or semi-erect positions.*^ Schapiro made the 
observation that the no?Tnal difference disappears when the heart is seri- 
ously weakened.*® Hogerstedt and Graupner noted the return of the 
pulse-difference, after th« <^ffect of digitalis upon the heart was estab- 
lished."® In one hundred ca^es recently tested, it was found that the 
slowing of 7 to 15 beats per mii?nte, which recumbency normally pro- 
duces, is diminished or altogether la<?t in cases of incompetent valvular 
disease or when the heart is seriously weakened by any cause.*® Geigel 
found that a variation of pulse-rate above 30 between lying and standing 
or an inversion of the normal relationship between lying and standing 
indicates a weakened heart function.*® 

Psychic factors may considerably disturb the correctness of the esti- 
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mate in any particular case. The normal increase from reclining to 
standing posture should never be more than twenty beats per minute. 

In a group of 124 soldiers with clinically normal hearts studied by 
the author, the pulse-rate rose an average of 16 beats on change from the 
seated to the erect posture. The variations from the average were 
comparatively slight ; the maximum rise was 28 in a few cases, and the 
minimum in one case was ; the most frequent figures were 12, 18 and 24. 
"Whenever a variation of 30 or over occurred in this series of normal 
cases, subsequent tests proved that this was not constant and probably 
due to adventitious influence.°^ 

Prevel considers the mechanism causing the acceleration of the pulse 
on changing from the reclining to the upright position an abdomino- 
cardiac reflex. The contents of the abdomen slide down, inducing an 
acceleration of the pulse as the gastric ramifications of the pneumo- 
gastric are stretched.°^ 

(6) Mendelsohn's Test: The Effect of Exercise upon the Pulse-Bate. 
— The variations of the pulse-rate following exercise were the first to 
be studied in their functional significance. Mendelsohn and Qraupner 
estimated the length of time it takes for a normal heart to return to its 
previous rate after a measured amount of work.*^* The time it takes for 
any given heart to return to normal after a definite amount of exercise 
was then suggested as h measure of its functional capacity. The longer 
the time it takes to return to the normal rate, the less efficient the heart 
is considered. 

The technic of the test is very simple. The pulse-rate is noted after 
a period of rest in the standing and the recumbent postures. The patient 
then performs a measured amount of work, either on a Qaertner ergo- 
stat or in any other way. Cabot and Bruce use stair-climbing and 
calculate the number of foot-pounds of work by multiplying the height 
climbed by the weight of the individual in pounds. The pulse is counted 
at rest after the work stops and the time noted until its return to normal. 

Mendelsohn finds that after 100 to 200 kilograms of work the pulse 
in healthy hearts returns immediately to normal. After 200 to 500 kilo- 
grams, the pulse returns to normal in 2-3 minutes. Sometimes it falls 
slightly below normal, but returns to normal within 2-3 minutes. Above 
500 kilograms of work the normal heart may increase in rate for a short 
period even after the cessation of work, or it may fall below normal to 
return to its original rate after a shorter or longer period. 

Mendelsohn asserts it as a principle that, the greater the amount 
of work done with prompt return to the normal rate, the greater is the 
functional capacity of the heart. He emphasizes the point that the 
amount of work should be considered as of relative value only. Abso- 
lute amounts of work cannot be laid down as the normal for any person 
because the capacity for work varies with the weight, muscular de- 
velopment and general makeup of the individual. 

In cases of heart disease, often after 25-50 kilograms of work, the 
heightened rate will maintain even after a prolonged period of rest. 

(c) Stair-Climbing Test of Selig. — Selig experimented with 100 per- 
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sons in various states of health before and after exercise. The exercise 
consisted in stair-climbing and, in several cases, a game of football. Im- 
mediately after the exercise the change in outline of the heart was noted 
by percussion, and the pulse and blood-pressure taken.^* 

Selig found that in healthy individuals the pulse rose an average of 
20 beats per minute, the highest rate in his series being 153. Various 
authors give slightly different figures of the highest pulse-rate after work 
which is compatible with normal cardiac efiSciency — thus, Staehlin, 156 *** ; 
Tantweiler, 170 '^^ ; Grunbaum and Amson, 173 " ; and Goodall, ISO.*^* 

In most of the 46 cases of various general diseases tested the pulse- 
rate increased slightly more than normally and the blood-pressure fell 
after tjie work. The results showed, however, considerable diflEerence 
between the various types of cases. 

In the 43 cases which showed heart disease, the pulse increased an 
average of 19 beats per minute. 

This staircase test is perhaps the most commonly employed on ac- 
count of its simplicity and the fact that it can be performed without 
any special apparatus. In doing this test, we find almost always com- 
plete corroboration of the patient's statements regarding his cardiac 
capacity. Stair-climbing or merely walking is an experiment every 
cardiac patient necessarily performs upon himself in the usual course 
of his life and the symptoms of fatigue come perhaps concomitantly 
with the physical signs we discover. 

The ** hopping test," or bending the knees or the trunk, are modi' 
fications of the Selig test. These are used not only for the study of 
heart function, but frequently as a routine method to elicit a latent 
valvular lesion. These tests have the defect that the actual amount of 
work performed by the individual cannot be computed. 

Lian found the following modification of the exercise test of value. 
It is based upon counting the pulse after an exactly measured 
physical exercise.^^^ The test consists in having the subject, after the 
pulse-rate at rest in the standing position has been carefully ascer- 
tained, execute running steps on one spot, with the legs bending to a 
right angle with the thighs, at the precise rate of two steps a second. 
At the end of one whole minute the subject stops and remains at rest, 
standing, while the pulse-rate is counted for fifteen seconds in every 
minute until it returns to normal or nearly so. The heart is considered 
functionally adequate when this takes place before three minutes have 
elapsed after the exercise. A rise in the rate to over 120 a minute from 
the normal resting rate of 70 to 80 is held to show slight cardiac weak- 
ness. When the rate rises as high as 152 and returns to normal only 
after four or five minutes, functional deficiency is distinct. 

Acceleration of the heart at the beginning of voluntary exercise is 
chiefly due to the decrease in tone of the cardio-inhibitory center. This 
is based upon evidence provided by Qasser and Meek.*^® After the re- 
moval of the accelerators and subsequent section of the vagi, marked 
acceleration of the heart may still be produced by a short period of ex- 
ercise. Acceleration may, however, be brought about through the accel- 
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erators if necessary. These are a factor of safety and in exercise their 
action is superimposed on that of the vagi only in times of great need. 
Aside from this, their chief function is maintaining the level of the 
resting pulse. Snyder®® regards the respiratory change of heart-rate 
also as a depression of the vagus center, an automatic effect from 
the inspiratory center. 

(d) The Hopping Test. — The ** hopping test" used in a study of the 
author is a modification of the stair-climbing test commonly employed, 
and when standardized yields equal service with the latter. In per- 
forming the prescribed exercise, the author considered that the body 
weight is raised, on an average, three inches or one-quarter of a foot. 
The toes are raised from the ground perhaps one inch and the knee is 
raised about two inches. Taking the average weight as 150 pounds, the 
amount of work performed in 100 hoppings would be about 150 X 3/12 
(feet) X 100, or 3750 foot-pounds. When the individual's weight is 
known, as it was in all of our cases, the approximate of work performed 
was easily computed. The weight of the individual was considered the 
only variant, as the height of hopping was controlled as much as it 
could be to about the average. 

In the group of 124 normal cases, the pulse-rate rose an average of 
25 beats above that of the standing posture as counted immediately 
after the exercise, or of 41 beats above that of the sitting position. 
During the two minutes following the exercise, it fell an average of 29 
beats with the patient seated. There were no extreme variations in these 
figures, so that the results here obtained, as shown in Fig. 13, may be 
taken as the normal pulse variations from the sitting to the standing 
postures, and also following the prescribed form and degree of exercise. 

Observations were made by the author upon a series of 32 cases of 
simple tachycardia. They all presented moderate tachycardia, above 
100, and in most instances 120 beats a minute, more or less persistent, 
but without discernible cause and with otherwise normal hearts. 

The increase of pulse-rate in simple tachycardia, as a result of ex- 
ercise, over the rate in the erect posture, was much less than normal. The 
average increase after exercise was only 11 beats a minute; the varia- 
tions above and below this were slight. 

In two cases of sinus bradycardia with persistent pulse of 60 and 
less, the results of comparative tests revealed what may be interpreted 
as vagotonic influence upon the pace-maker. Thus the pulse rose 25 
beats in changing from sitting to standing posture, but exercise did 
not increase it at all, the effect being more complete than in simple 
tachycardia. The pulse then fell even lower than before. The systolic 
and diastolic pressure changes were quite normal. 

In 12 cases of fully compensated mitral regurgitation the blood-pres- 
sure reactions were normal. The changes of pulse-rate were almost 
exactly like those in our group of cases of simple tachycardia. 
That is, change of posture from sitting to standing increased the rate 
more than normally ; exercise, however, effected the same change as ap- 
peared so characteristically in the cases of simple tachycardia, and was 



FUNCTIONAL CAPACITY OP CIRCULATION 159 

even more marked, i.e., there was only a slight increase of pulse-rate, an 
average of 6 beats per minute. 

(e) Herz's Test {*' Selbsthernniungsprobe'^ ^^) . — The technic of this 
test is as follows: The pulse-rate is taken with the patient in the re- 
cumbent posture. The patient is then instructed to alternately flex and 
extend one forearm. In doing this, however, the patient is instructed to 
contract both the protagonist and antagonist muscles at the same time 
throughout the exercise, thus in each case resisting his own movements. 
The movements are slow and strenuous. They can be controlled by the 
examiner if he guides the elbow and wrist in their motions. 

Griinbaum and Amson have previously shown that normally, with 
this exercise, a very slight rise of pulse-rate may occur, or the rate may 
remain unchanged. In cases of muscular heart affection, Herz found 
that the pulse is inevitably slowed by this * * Selbsthemmungsprobe. ' ' Ac- 
cording to the author, hypertrophy and dilatation of the heart both 
give the same **S'' reaction. The findings of Herz are apparently em- 
pirical. He offers no theoretical explanation for his findings. There 
does not appear to be any physiological explanation for this reaction, and 
psychic effect may be sufficient to cause a change of rate. Hirschf elder 
believes that the influence of the vagus in certain cases is a factor in 
producing Herz's results.*^^ 

Cabot and Bruce found that normally Herz's test was relative, but 
that in some of their cases of myocarditis the pulse slowed 5 to 20 beats. 
They, however, did not follow Herz's technic in performing the test. 
They made it a rule that extension shall consume a full minute's time 
and flexion also a minute, a condition which would inevitably introduce 
the psychic and nervous effects. They also restricted muscular contrac- 
tion, which Herz especially emphasizes. The results of their studies with 
those of Herz are therefore not exactly comparable. 

2. Methods Depending upon Variations in Blood-Pressure. — 
(a) Effect of Chcmge of Position upon the Blood-Pressure, — The auscul- 
tatory method for blood-pressure examination should properly be ap- 
plied with the patient's arm at the side of the chest, as the normal 
reading varies considerably with the arm in different positions. This 
holds for both the seated and the standing postures and even in the 
recumbent position, and was carefully adhered to in all the author's 
observations. 

Change of posture causes a vasomotor effect that manifests itself by 
a change of systolic and diastolic pressure and of pulse-pressure. This 
is the more marked the greater and the quicker the change of posture 
is executed. Crampton found that the systolic pressure is increased 
normally on change from the recumbent to the standing position, while 
in conditions of lowered vasomotor tone it remains the same or is de- 
creased.®^ 

From the seated to the standing position the change is distinct and 
normally quite characteristic. In our group of normal cases the systolic 
pressure fell an average of 2 mm. of mercury on change to the stand- 
ing position. In the large majority of cases the change ranged between 
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a rue of 10 mm. or I^i« and a fall of 10 mm. or less. In one 

me of 26 and in two rotstesi a fall of 24 mm. of mereory were the extremes. 

The diastolic pre$«iire ro^e an average of 7 mm, from the sitting to 
the Jitandinir pofltare. It ros^e in almost ererv ease and in a few eases as 
high aA 20 mm. of mermry ; in a few eases it fell 10 mm. : in only one 
cdAe It fell 27 mm. The pnlse-pre^ore fell an average of 9 mm. of 
mercury on change from the sitting to the standing position. 

(h) Effect of Eztrcife upon ike Blood-Pressure. — Amo Lehndorff 
showed experimentally that stimulation of the splanehnics prodaees their 
contraction with increase of blood-pressure to a varying degree. This is 
also the normal effect of mascular work. If the heart 's action becomes 
insufficient during exerci.se, the blood-pressure falls.** 

The "hopping exercise/' as previously described, was used in the 
author's study. The systolic pressure in the group of 124 normal cases, 
measured 30 seconds after the completion of the exercise, with the .patient 
seated, had risen an average of 21 mm. in the group of normal cases on 
change from the previous sitting position (Fig. 13 >. The largest num- 
ber showed a rise of between 6 and 30 mm., the highest rise being 
60 mm. in one cafte. In three cases only was there a fall of systolic 
pressure of 4, 5 and 9 mm. of mercury respectively. 

The diastolic pressure, 30 seconds after exercise, had fallen an aver- 
age of 4 mm. on change from the previous sitting posture. A slight 
fall of diastolic pressure was the usual finding, although a rise of 10 mm. 
or less occurred in a number of cases. In one case the diastolic pres- 
sure rose 25 mm. The puLse-pressure increased considerably with the 
exercise. 

The systolic and diastolic pressures and the pulse-pressure gradually 
returned to almost the normal within about two minutes following the 
cessation of the exercise. Table 1 (page 196), entitled ** Functional 
Capacity of the Circulation in Neurocirculatory Asthenia," presents the 
form in which our data were collected. 

(c) Stair-climbing Test of Sdig. — In the healthy cases tested by Selig, 
the blood-presHure rose an average of 8 mm. after work, and the outlines 
of the heart and the position of the apex beat remained unchanged. In 
his cases with heart disease the blood-pressure rose an average of 10 mm. 
of mercury. However, in some of these cases with vahiilar defects, the 
climbing of as high as 20(X) steps often did not fatigue, whereas in the 
cases of myocardial weakness, even a very few steps were at times fa- 
tiguing, and these showed a dilated heart after light work. 

{(l) Ilerz's Gymnastic Resistance Test. — Herz suggested another test 
in which the change of blood-pressure after resisted movements is sup- 
posed to indicate the functional reaction of the heart.®'^ 

The patient is seated and executes movements of flexion and ex- 
tension of the forearm or abduction and adduction of the thighs, or 
separation and approximation of the extended lower limbs. These mo- 
lions are controlled by resistance exerted by the examiner. 

The })lood-pre88ure is taken while at rest and then after each of the 
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various forms of resisted movements. The normal change of blood-pres- 
sure as a result of the exercise is not more than 10-15 mm. of mercury. 

In cases of decompensated circulation the difference in blood-pres- 
sure may reach 20-30 mm. This test is crude and indefinite. The limits 
of the normal variation are not exact and the vasomotor influence 
is so great proportionately, that the test is not serviceable to indicate a 
deficiency of cardiac motive force. 

(e) Katzenstein Test. — Marey and Weber have found that the blood- 
pressure increases after ligation of a large artery, such as the femoral 
or iliac, or after compression of the abdominal aorta in laboratory experi- 
ments.®® If we increase the peripheral resistance by suddenly diminish- 
ing the vascular field, a marked rise in blood-pressure occurs. The heart 
normally does not increase in rate but there occurs an increase in the 
ventricular output, the strain falling directly upon the left ventricle — 
corresponding to the second form of heart reaction before described {see 
page 138). 

Experimentally, hypertrophy of the ventricle takes place. In weak 
animals, however, the heart does not stand the increased strain and 
dilates, the animal dying of heart-failure. 

This principle is used by Katzenstein as a test of the heart func- 
tion."^ The patient lies quietly in the recumbent position. The pulse- 
rate and blood-pressure are carefully taken. Both iliac arteries are then 
compressed digitally by an assistant for 2-21/^ minutes, although Katzen- 
stein advises compression even up to 5 minutes. Compression may be 
made by an Esmarch bandage, or, according to Merelli, by an inflatable 
rubber cuflf.®® 

Katzenstein deducts the following standards from his clinical studies 
and animal experimentation: 

1. In normal compensated hearts, after compression of the iliac ar- 
teries, the blood-pressure rises 5 to 15 mm. of mercury and the pulse- 
rate falls. 

PULSE RATE 




Fig. 14. 

2. In hypertrophied compensating hearts, the blood-pressure rises 
15-40 mm. mercury, and the pulse-rate falls or may remain unchanged. 

P. R. 

aR 

Fig. 15. 
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3. In beginning decompensation the blood-pressure remains un- 
changed while the pulse-rate increases. 



Fio. 16. 



4. In cases of cardiac decompensation the blood-pressure falls while 
the pulse-rate increases considerably. 

B. P. 

P. R. 

Fio. 17. 

Pain is sometimes produced by the digital pressure required to 
obliterate the femoral or iliac pulse. The psychic influences here are 
particularly disturbing and the pain may of itself cause variations of 
pulse-rate and blood-pressure. 

Levy has corroborated the findings,'* but several clinicians could not 
carry out the test extensively because of pain caused by digital pres- 
sure.*' 

Recently Elliott reported observations on the effect of partial and 
complete occlusion of blood-vessels on the general blood-pressure in man.^® 
He found that annular compression of the thighs causes a rise in blood- 
pressure, larger and more immediate the higher the point of compres- 
sion. This is due to the increase in arterial resistance produced by 
diminishing the available capacity of the arterial system. The heart- 
rate is somewhat slowed. Decompression of the thighs causes a fall 
in blood-pressure, more immediate and more steep than the previous 
rise. The heart rate is then somewhat accelerated. 

There was no evidence that compression of an arm, as in making 
blood determinations on man with the aid of a sphygmomanometer cuff, 
produces any effect on general blood-pressure. 

These results have been further substantiated in a case of femoral 
arteriovenous aneurysm. Closure of the communication between the 
femoral artery and vein produced a tremendous rise of blood-pressure 
and a slowing up of the pulse-rate. Opening it, of course, had the oppo- 
site effect. The slowing of the heart-rate may be induced directly by 
the increased blood-pressure. 

Norris made investigations with the Katzenstein test and found in 
general confirmatory results J ^ In many cases, other factors were neces- 
sary to form a fuller opinion of the heart's eflBciency. He felt that the 
test was not absolute, but that it was of some value as a corroborative 
observation. 
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It is of interest that Katzenstein used the test to determine the risk 
and prognosis of anesthesia and surgical procedures on his cases. He 
found that an abnormal reaction to the test should interdict general 
anesthesia or major operations. 

(/) Epinephrin Functional Test of the Heart. — Epinephrin induces 
vasoconstriction, which raises the blood-pressure, thus throwing extra 
work on the heart. The sound heart responds with energy, and roent- 
genoscopy shows slight if any change in the outline of the heart an 
hour later. A weak heart dilates at once and the dilatation persists 
for some time. This indicates weakness of the myocardium, either of 
the muscle itself or its innervation, simple exhaustion or a valvular 
lesion. The dilatation is most pronounced with mitral disease. With 
aortic insufficiency, the aorta may become dilated under the epinephrin 
test while the apex region shows no change. 

The test dose of epinephrin is 1 mg., and the subject has to keep 
absolutely still, against the table used in the test. The roentgenoscopy 
is repeated three times at half -hour intervals ; the findings at one hour 
are the criterion. The normal heart shows a very slight shrinking of 
the outline after an hour and a half, testifying to the secondary con- 
stricting action on the musculature of the heart. 

Loeper^* and his co-workers studied 100 cases before and after ad- 
ministration of epinephrin. The response may vary with the amount 
of epinephrin already circulating in the blood, also with the degree 
of arteriosclerosis that may be present, and with other conditions. The 
response may thus vary widely in different positions and in the same 
person at various times. But combining the test with careful investi- 
gation of the pulse and blood-pressure, before and after, provides an 
important means of estimating conditions in the cardiovascular apparatus 
with reactions similar to those in the Katzenstein test. 

Meek and Eyster^^ observed that the intravenous injection of 
epinephrin normally causes a decrease in heart-rate. Its action is two- 
fold, accelerating the heart by direct stimulation and inhibiting it 
reflexly through the vagus, but the net result of this balanced mechan- 
ism is normally a decrease in pulse-rate. 

(g) Graupner's Tes^.^-Qraupner 's Test^* for estimating the func- 
tional capacity of the heart depends upon the principle that the reaction 
of the weakened heart to a measured amount of work differs from the 
reaction of the normal heart. In this test a definite amount of work is 
executed by a group of muscles measured by a Zuntz ergometer, and 
blood-pressure estimations are made before, during and after the work. 

Graupner reached the following conclusions: 

(1) A moderate amount of work, in normal hearts, will cause a rise 
of blood-pressure after the work. This either promptly returns to nor- 
mal or remains constant at the higher level for a period, but does not 
fluctuate and gradually returns to normal. 

(2) The greater the amount of work done, the higher the rise of 
blood-pressure, and the quicker the return to normal, the more efficient 
is the myocardium. 
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(3) A sinking of the blood-pressure after muscular exertion, declin- 
ing from the start, or even a very slight rise after work of about 10 mm. 
mercury, which falls again almost immediately to below the original 
point is evidence of incapacity of that heart for that amount of work. 
This indicates physiological or functional insuflSciency. 

(4) If the blood-pressure remains high for a period after the work 
and then suddenly falls, it is evidence of overstrain or fatigue. 

(5) If the blood-pressure after work is lower than normal and then 
slowly returns to normal but does not rise above normal, a primary 
myocardial weakness exists. This reaction is characteristic of myo- 
cardial insufficiency. 

Graupner's test depends upon the fact that the ventricle reacts to 
muscular work which at first increases the blood-pressure. If the ven- 
tricle proves unequal to the task of maintaining the pressure, there 
occurs a compensatory increase in pulse-rate but a fall in blood-pres- 
sure. 

(h) Barringer's Test of the Functional Capacity of the Circulation. 
— Arno Lehndorflf showed experimentally in 1908 that stimulation of 
the splanchnics produces their contraction with increase of blood-pres- 
sure to a varying degree. If the heart's action becomes insufficient, 
however, the blood-pressure falls. With the recovery of the heart's 
contraction, the pressure rises again.'* 

Recently Barringer described a test of heart function, using Graup- 
ner 's method of making frequent readings of the pulse-rate and systolic 
blood-pressure after a measured amount of work, and clinically obtaining 
Lehndorflf 's experimental results in insufficiency of the heart.^' 

The theoretical considerations upon which his test depends, as Bar- 
ringer presents them, are as follows: 

Muscular work increases the COj content of the blood. This stimu- 
lates the nervous centers controlling the suprarenal glands. An in- 
crease in the adrenalin content of the blood is thereby produced, which 
causes a constriction of the vessels in the splanchnic area and a re- 
sulting rise in blood-pressure. The quickened heart-rate accompanying 
muscular work causes an increase in the quantity of blood discharged 
by the heart per minute and this also contributes to the rise in blood- 
pressure. 

The systolic pressure during work, therefore, mounts rapidly and 
the left ventricle finds it more and more difficult to expel its contents 
against this increasing resistance. At a certain height of aortic pres- 
sure the ventricle probably does not empty itself completely and a 
steadily increasing volume of blood remains in the heart after each 
systole. In other words, an insufficiency exists. At this moment the 
roentgen ray would possibly show a heart decidedly increased in size. 
If the work stops, the COj content of the blood falls, the activity of 
the suprarenal gland decreases and the splanchnic vessels relax. The 
blood-pressure, therefore, begins to fall. But the heart now works more 
efficiently against the lowered aortic pressure and expels a larger quan- 
tity of the increased residual blood at each stroke until it finally 
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mate in any particular case. The normal increase from reclining to 
standing posture should never be more than twenty beats per minute. 

In a group of 124 soldiers with clinically normal hearts studied by 
the author, the pulse-rate rose an average of 16 beats on change from the 
seated to the erect posture. The variations from the average were 
comparatively slight ; the maximum rise was 28 in a few cases, and the 
minimum in one case was ; the most frequent figures were 12, 18 and 24. 
Whenever a variation of 30 or over occurred in this series of normal 
cases, subsequent tests proved that this was not constant and probably 
due to adventitious influence.^^ 

Prevel considers the mechanism causing the acceleration of the pulse 
on changing from the reclining to the upright position an abdomino- 
cardiac reflex. The contents of the abdomen slide down, inducing an 
acceleration of the pulse as the gastric ramifications of the pneumo- 
gastric are stretched.*^^ 

(6) Mendelsohn's Test: The Effect of Exercise upon the Pulse-Rate. 
— The variations of the pulse-rate following exercise were the first to 
be studied in their functional significance. Mendelsohn and Qraupner 
estimated the length of time it takes for a normal heart to return to its 
previous rate after a measured amount of work.*** The time it takes for 
any given heart to return to normal after a definite amount of exercise 
was then suggested as a measure of its functional capacity. The longer 
the time it takes to return to the normal rate, the less efficient the heart 
is considered. 

The technic of the test is very simple. The pulse-rate is noted after 
a period of rest in the standing and the recumbent postures. The patient 
then performs a measured amount of work, either on a Gaertner ergo- 
stat or in any other way. Cabot and Bruce use stair-climbing and 
calculate the number of foot-pounds of work by multiplying the height 
climbed by the weight of the individual in pounds. The pulse is counted 
at rest after the work stops and the time noted until its return to normal. 

Mendelsohn finds that after 100 to 200 kilograms of work the pulse 
in healthy hearts returns immediately to normal. After 200 to 500 kilo- 
grams, the pulse returns to normal in 2-3 minutes. Sometimes it falls 
slightly below normal, but returns to normal within 2-3 minutes. Above 
500 kilograms of work the normal heart may increase in rate for a short 
period even after the cessation of work, or it may fall below normal to 
return to its original rate after a shorter or longer period. 

Mendelsohn asserts it as a principle that, the greater the amount 
of work done with prompt return to the normal rate, the greater is the 
functional capacity of the heart. He emphasizes the point that the 
amount of work should be considered as of relative value only. Abso- 
lute amounts of work cannot be laid down as the normal for any person 
because the capacity for work varies with the weight, muscular de- 
velopment and general makeup of the individual. 

In cases of heart disease, often after 25-50 kilograms of work, the 
heightened rate will maintain even after a prolonged period of rest. 

(c) Stair-Climbing Test of Selig. — Selig experimented with 100 per- 
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sons in various states of health before and after exercise. The exercise 
consisted in stair-climbing and, in several cases, a game of football. Im- 
mediately after the exercise the change in outline of the heart was noted 
by percussion, and the pulse and blood-pressure taken.*^* 

Selig found that in healthy individuals the pulse rose an average of 
20 beats per minute, the highest rate in his series being 153. Various 
authors give slightly different figures of the highest pulse-rate after work 
which is compatible with normal cardiac eflSciency — thus, Staehlin, 156 '' ; 
Tantweiler, 170 °« ; Griinbaum and Amson, 173 " ; and Goodall, 180." 

In most of the 46 cases of various general diseases tested the pulse- 
rate increased slightly more than normally and the blood-pressure fell 
after the work. The results showed, however, considerable difference 
between the various types of cases. 

In the 43 cases which showed heart disease, the pulse increased an 
average of 19 beats per minute. 

This staircase test is perhaps the most commonly employed on ac- 
count of its simplicity and the fact that it can be performed without 
any special apparatus. In doing this test, we find almost always com- 
plete corroboration of the patient's statements regarding his cardiac 
capacity. Stair-climbing or merely walking is an experiment every 
cardiac patient necessarily performs upon himself in the usual course 
of his life and the symptoms of fatigue come perhaps concomitantly 
with the physical signs we discover. 

The ** hopping test," or bending the knees or the trunk, are modi* 
fications of the Selig test. These are used not only for the study of 
heart function, but frequently as a routine method to elicit a latent 
valvular lesion. These tests have the defect that the actual amount of 
work performed by the individual cannot be computed. 

Lian found the following modification of the exercise test of value. 
It is based upon counting the pulse after an exactly measured 
physical exercise."^ The test consists in having the subject, after the 
pulse-rate at rest in the standing position has been carefully ascer- 
tained, execute running steps on one spot, with the legs bending to a 
right angle with the thighs, at the precise rate of two steps a second. 
At the end of one whole minute the subject stops and remains at rest, 
standing, while the pulse-rate is counted for fifteen seconds in every 
minute until it returns to normal or nearly so. The heart is considered 
functionally adequate when this takes place before three minutes have 
elapsed after the exercise. A rise in the rate to over 120 a minute from 
the normal resting rate of 70 to 80 is held to show slight cardiac weak- 
ness. When the rate rises as high as 152 and returns to normal only 
after four or five minutes, functional deficiency is distinct. 

Acceleration of the heart at the beginning of voluntary exercise is 
chiefly due to the decrease in tone of the cardio-inhibitory center. This 
is based upon evidence provided by Gasser and Meek.*^* After the re- 
moval of the accelerators and subsequent section of the vagi, marked 
acceleration of the heart may still be produced by a short period of ex- 
ercise. Acceleration may, however, be brought about through the accel- 
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erators if necessary. These are a factor of safety and in exercise their 
action is superimposed on that of the vagi only in times of great need. 
Aside from this, their chief function is maintaining the level of the 
resting pulse. Snyder ®° regards the respiratory change of heart-rate 
also as a depression of the vagus center, an automatic effect from 
the inspiratory center. 

(d) The Hopping Test. — The ** hopping test" used in a study of the 
author is a modification of the stair-climbing test commonly employed, 
and when standardized yields equal service with the latter. In per- 
forming the prescribed exercise, the author considered that the body 
weight is raised, on an average, three inches or one-quarter of a foot. 
The toes are raised from the ground perhaps one inch and the knee is 
raised about two inches. Taking the average weight as 150 pounds, the 
amount of work performed in 100 hoppings would be about 150 X 3/12 
(feet) X 100, or 3750 foot-pounds. When the individuars weight is 
known, as it was in all of our cases, the approximate of work performed 
was easily computed. The weight of the individual was considered the 
only variant, as the height of hopping was controlled as much as it 
could be to about the average. 

In the group of 124 normal cases, the pulse-rate rose an average of 
25 beats above that of the standing posture as counted immediately 
after the exercise, or of 41 beats above that of the sitting position. 
During the two minutes following the exercise, it fell an average of 29 
beats with the patient seated. There were no extreme variations in these 
figures, so that the results here obtained, as shown in Fig. 13, may be 
taken as the normal pulse variations from the sitting to the standing 
postures, and also following the prescribed form and degree of exercise. 

Observations were made by the author upon a series of 32 cases of 
simple tachycardia. They all presented moderate tachycardia, above 
100, and in most instances 120 beats a minute, more or less persistent, 
but without discernible cause and with otherwise normal hearts. 

The increase of pulse-rate in simple tachycardia, as a result of ex- 
ercise, over the rate in the erect posture, was much less than normal. The 
average increase after exercise was only 11 beats a minute; the varia- 
tions above and below this were slight. 

In two cases of sinus bradycardia with persistent pulse of 60 and 
less, the results of comparative tests revealed what may be interpreted 
as vagotonic influence upon the pace-maker. Thus the pulse rose 25 
beats in changing from sitting to standing posture, but exercise did 
not increase it at all, the effect being more complete than in simple 
tachycardia. The pulse then fell even lower than before. The systolic 
and diastolic pressure changes were quite normal. 

In 12 cases of fully compensated mitral regurgitation the blood-pres- 
sure reactions were normal. The changes of pulse-rate were almost 
exactly like those in our group of cases of simple tachycardia. 
That is, change of posture from sitting to standing increased the rate 
more than normally ; exercise, however, effected the same change as ap- 
peared so characteristically in the cases of simple tachycardia, and wsks 
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even more marked, i.e., there was only a slight increase of pulse-rate, an 
average of 6 beats per minute. 

(c) Herz's Test C Selbsihemniungsprohe" ^^) , — The technic of this 
test is as follows: The pulse-rate is taken with the patient in the re- 
cumbent posture. The patient is then instructed to alternately flex and 
extend one forearm. In doing this, however, the patient is instructed to 
contract both the protagonist and antagonist muscles at the same time 
throughout the exercise, thus in each case resisting his own movements. 
The movements are slow and strenuous. They can be controlled by the 
examiner if he guides the elbow and wrist in their motions. 

Griinbaum and Amson have previously shown that normally, with 
this exercise, a very slight rise of pulse-rate may occur, or the rate may 
remain unchanged. In cases of muscular heart affection, Herz found 
that the pulse is inevitably slowed by this * * Selbsthemmungsprobe. ' ' Ac- 
cording to the author, hypertrophy and dilatation of the heart both 
give the same **S'' reaction. The findings of Herz are apparently em- 
pirical. He offers no theoretical explanation for his findings. There 
does not appear to be any physiological explanation for this reaction, and 
psychic effect may be sufficient to cause a change of rate. Hirschfelder 
believes that the influence of the vagus in certain cases is a factor in 
producing Herz's results."* 

Cabot and Bruce found that normally Herz's test was relative, but 
that in some of their cases of myocarditis the pulse slowed 5 to 20 beats. 
They, however, did not follow Herz's technic in performing the test. 
They made it a rule that extension shall consume a full minute's time 
and flexion also a minute, a condition which would inevitably introduce 
the psychic and nervous effects. They also restricted muscular contrac- 
tion, which Herz especially emphasizes. The results of their studies with 
those of Herz are therefore not exactly comparable. 

2. Methods Depending upon Variations in Blood-Pressube. — 
(a) Effect of Chcmge of Position upon the Blood-Pressure. — The auscul- 
tatory method for blood-pressure examination should properly be ap- 
plied with the patient's arm at the side of the chest, as the normal 
reading varies considerably with the arm in different positions. This 
holds for both the seated and the standing postures and even in the 
recumbent position, and was carefully adhered to in all the author's 
observations. 

Change of posture causes a vasomotor effect that manifests itself by 
a change of systolic and diastolic pressure and of pulse-pressure. This 
is the more marked the greater and the quicker the change of posture 
is executed. Crampton found that the systolic pressure is increased 
normally on change from the recumbent to the standing position, while 
in conditions of lowered vasomotor tone it remains the same or is de- 
creased.®^ 

From the seated to the standing position the change is distinct and 
normally quite characteristic. In our group of normal cases the systolic 
pressure fell an average of 2 mm. of mercury on change to the stand- 
ing position. In the large majority of cases the change ranged between 
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a rise of 10 mm. or less and a fall of 10 mm. or less. In one case a 
rise of 26 and in two cases a fall of 24 mm. of mercury were the extremes. 

The diastolic pressure rose an average of 7 mm. from the sitting to 
the standing posture. It rose in almost every case and in a few cases as 
high as 20 mm. of mercury ; in a few cases it fell 10 mm. ; in only one 
case it fell 27 mm. The pulse-pressure fell an average of 9 mm. of 
mercury on change from the sitting to the standing position. 

(6) Effect of Exercise upon the Blood-Pressure. — ^Amo LehndorflE 
showed experimentally that stimulation of the splanchnics produces their 
contraction with increase of blood-pressure to a varying degree. This is 
also the normal effect of muscular work. If the heart's action becomes 
insufficient during exercise, the blood-pressure falls.®* 

The ** hopping exercise," as previously described, was used in the 
author's study. The systolic pressure in the group of 124 normal cases, 
measured 30 seconds after the completion of the exercise, with the .patient 
seated, had risen an average of 21 mm. in the group of normal cases on 
change from the previous sitting position (Fig. 13). The largest num- 
ber showed a rise of between 6 and 30 mm., the highest rise being 
60 mm. in one case. In three cases only was there a fall of systolic 
pressure of 4, 5 and 9 mm. of mercury respectively. 

The diastolic pressure, 30 seconds after exercise, had fallen an aver- 
age of 4 mm. on change from the previous sitting posture. A slight 
fall of diastolic pressure was the usual finding, although a rise of 10 mm. 
or less occurred in a number of cases. In one case the diastolic pres- 
sure rose 25 mm. The pulse-pressure increased considerably with the 
exercise. 

The systolic and diastolic pressures and the pulse-pressure gradually 
returned to almost the normal within about two minutes following the 
cessation of the exercise. Table 1 (page 196), entitled ** Functional 
Capacity of the Circulation in Neurocirculatory Asthenia," presents the 
form in which our data were collected. 

(c) Stair-climbing Test of Selig. — In the healthy cases tested by Selig, 
the blood-pressure rose an average of 8 mm. after work, and the outlines 
of the heart and the position of the apex beat remained unchanged. In 
his cases with heart disease the blood-pressure rose an average of 10 mm. 
of mercury. However, in some of these cases with valvular defects, the 
climbing of as high as 2000 steps often did not fatigue, whereas in the 
cases of myocardial weakness, even a very few steps were at times fa- 
tiguing, and these showed a dilated heart after light work. 

(d) Herz's Gymnastic Resistance Test, — Herz suggested another test 
in which the change of blood-pressure after resisted movements is sup- 
posed to indicate the functional reaction of the heart.®° 

The patient is seated and executes movements of flexion and ex- 
tension of the forearm or abduction and adduction of the thighs, or 
separation and approximation of the extended lower linjbs. These mo- 
tions are controlled by resistance exerted by the examiner. 

The blood-pressure is taken while at rest and then after each of the 
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Fio. 20. — Normal Cervical Tracing, with a-c-v Sequence. 

Simultaneous radial tracing. 

jugular vein would, therefore, reveal the variations of pressure (1) 

within the auricle, (2) within the ventricle and (3) within the aorta. 

The normal cervical tracing presents a series of waves in the fol- 
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Fig. 21. — Dicrotic Pulse. 
The dicrotic wave is so great as to resemble a premature pulse-beat. 

lowing sequence (see Fig. 20). First, the wave ''a" is due to auricular 
systole. This is followed by the wave *^c," due to ventricular systole 
and distension of the carotid artery. After this a wave *'v" takes place, 
which is the result of the filling of the auricle and the increased pres- 
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Fig. 22. — Pulsus Celer. (Water-hammer pulse.) 
From a case of aortic regurgitation. In very low arterial pressure, the dicrotic 
notch occurs at a very low level in the tracing. Its height is a more certain guide 
to the arterial pressure than the character of the systolic wave. 
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sure in the jugular vein. The negative phase "a?** which follows the *'c** 
wave represents the diastole of the auricle as it is receiving blood from 
the veins. A negative phase C't/") follows later when the tricuspid 
valves open. The wave ''v'' is increased by all factors which tend to- 
wards the more rapid filling of the right auricle ; it is immaterial whether 
the blood comes from the vein or from the right ventricle. 

From the functional point, therefore, we may take it that the 
earlier '^v^' begins in the phase **x,'' the greater is the engorgement of 
the auricle. 

The a — c interval is one-fifth of a second and is almost constant in 
normally acting hearts. It represents the interval between the begin- 
ning of auricular systole and the opening of the aortic valves, or ven- 
tricular systole. 

By means of the polygraphic tracings all those irregularities of the 
heart with variations in the rate and quality of the pulse, discussed 
earlier in the chapter, are ideally revealed. In this way is the poly- 
graphic method of invaluable service in the estimation of the heart's 
functional state.'® 

The figures are briefly discussed in the respective notes and will 
serve to illustrate the value of polygraphic tracings in the study of heart 
function (Figs. 21-24). 

2. The Effect of Cough upon the Curve of the Sphtgmogram 
AND Its Functional Significance. — It is evident that the changes of 
blood-pressure are reflected in the curve of the arterial tracing. The 
level of the arterial curve is also affected by other influences, such as 
muscular contractions, while the tracing is being taken, and the vagus 
influences of respiration. Besides these, the mechanical conditions under 
which the tracings are made will alter their shape. It has been shown 
that compression of an artery will cause the pulse below to become 
more prominent up to a certain degree and then the wave will fall to a 
lower level. 

A consideration which must be discussed before entering upon the 
discussion of the effects of cough upon the pulse tracings is the effect 
of voluntary muscular contractions of the forearm and the changes of 
the radial pulse produced by them. A tremor of the hand or of the 
muscles of the forearm would give the picture of a tremogram superim- 
posed upon the curve of the radial wave. Sudden coarse muscular 
contraction would produce an elevation anywhere in the course of 
the figure, but would not otherwise affect the general shape of the 
pulse waves preceding or following. 

In a case of degeneration of the heart muscle in a syphilitic patient, 
who also had a right bundle-branch lesion, the writer noted a particular 
effect of coughing upon the shape of the radial pulse wave. It was con- 
stant in his case and an analysis of the tracing shows that the change of 
curve bore a relation to the blood-pressure effects induced by the strain 
of coughing. The cough exaggerated the graphic evidence of alternation 
and altogether affected the curve more than in normal cases. 
The susceptibility of the radial curve to marked variations after 
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coughing is an indication of marked myocardial degeneration. In the 
case cited, the ideal condition existed for the test, inasmuch as the 
loss of tonicity of the musculature of the left ventricle was extreme, 
associated with complete destructive lesion of the right branch of the 
bundle (Fig. 25). 

3. The Cardiographic EvroENCE op Loss op Tonicity op the 
Heart Muscle. — The impulse of the apex of the heart produces a graphic 
curve which varies slightly in shape in different individuals. It is most 
frequently a trapezoid, presenting an elevation to a varying length 
and then a slight fall to a plateau, which turns abruptly to the base 
line. {See Fig. 26.) Von Martius identifies various points of the curve 
with events in the heart-cycle: (1) The beginning of the presphygmic 
period, in which all the valves in the heart are closed. This is the 
point at which a shock is felt on palpation, caused by the sudden hard- 
ening of the ventricular muscle. (2) The systolic expulsion of the 
blood, beginning with the opening of the semilunar valves. This corre- 




FiG. 25. — Effect of Couohino upon the Radial Tracing in a Case of Marked 

Mtogaedial Degeneration. 

spends to the thrust due to the pressure of the apex of the left ventricle 
against the chest wall. (3) The closure of the semilunar valves. The 
triangular and pointed apex curves are not quite as common as the 
trapezoidal form, but the shape of the curve will necessarily vary with 
hypertrophy of one or the other ventricle, with the type of endocardial 
lesion, with the shape of the chest, and the state of emphysema of the 
lungs.'* 

Up to the present time, but one important change in the cardiogram 
has been known to have pathological significance; that is, the change 
from a positive to a negative cardiogram. In these cases, instead of 
the cardiographic curve rising above the abscissa, it presents a fall, cor- 
responding to a drawing in at the time of the apex-impulse. Negative 
curves of this character obtained over the lowest and outermost portion 
of the apex-impulse indicate hypertrophy of the right ventricle. 

Similar negative curves may be obtained from the right side of the 
apex-beat and are usual when the apex impulse is due directly to the 
right ventricle, due to its hypertrophy, i.e., when the lowermost and 
outermost portion of the apex-beat is caused by the systole of the 
right ventricle. 

Occasionally a slight elevation precedes the apex-impulse and is 
attributable to the auricular contraction, forcing blood into the ventricle. 








Fio. 26. — Cabdiooraphic Curves, Representing the Different Forms op thb 

Apex Beat. 

Showing apex beat (A), radial wave and wave due to auricular systole (a). 
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This elevation is normally slight, rising gradually to a point from 
which the sudden impulse due to the apex-beat springs. In the nega- 
tive cardiogram the auricular wave may be present as a slight eleva^ 
tion terminating in the descending wave of the cardiogram. 

Normally the wave caused by the auricles discharging their contents 
into the ventricles may be absent or may present itself only as a slight 
elevation just preceding the systole of the ventricle. The resistance to 
the auricular current offered by the wall of the ventricle is analogous 
to that offered by contracted arteries to the systole of the heart.®* 

There are two important factors which would have the effect of in- 
creasing the size of the wave due to auricular systole : (1) Relative hyper- 
trophy of the auricles with increase in the force of the impulse and 
(2) loss of tonicity of the ventricles with dilatation and thinning of 
their wall. 

(1) Relative hypertrophy of the auricles, especially of the left side, 
is induced by obstruction to the flow of blood into the ventricles, most 
typically and markedly in stenosis of the mitral valve. 

With reference to the wave ''a" of the cardiogram in cases of mitral 
stenosis it shows itself as a thrill or series of waves at the beginning of 
systole, and not as a distinct single impulse. Besides, the clinical fea- 
tures of the condition are very apparent, and are not to be mistaken 
for the condition in which there occurs also a characteristic cardiogram. 

(2) This condition is the loss of tonicity of the ventricular muscle. 
This influences the prominence of the ''a" wave in the curve of the 
cardiogram. Depression of tonicity of the ventricular muscle is usually 
manifested by dilatation of the heart with thinning of the walls of the 
ventricles. The heart lies frequently markedly dilated against the chest 
wall. Its impulse is diffuse, feeble, and electrocardiographically it may 
present evidence of degenerative changes in the myocardium. It is 
in such cases that one obtains the alternating form of pulse, so significant 
of myocardial disease. 

Together with this evidence and the effect of cough upon the form 
of the radial curve (above described), the other significant and char- 
acteristic feature is the presence of a prominent and distinct ''a" wave 
in the cardiogram. The characteristics of the ''a" wave are typical 
of low tonicity of the ventricular muscle. The rise of the *^a" wave 
is abrupt, the curve of filling is steeper than normal. The im- 
pulse due to auricular contraction rises to a maximum and falls when 
the ventricle is partially filled, indicating that it was the low tonicity 
of the wall that permitted the transmission of the wave through the 

chest wall. 

This is well illustrated in Fig. 27, in which the typical cardiogram 
is associated with pulsus alternans, and in which case the electrocardio- 
gram showed marked widening of the Q-R-S interval, indicating in- 
traventricular or arborization block. 

It is, however, important to realize that cardiograms vary greatly, 
and many of them are difficult to analyze. Much has yet to be done 
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before a decided opinion can be given as to the exact meaning of some 
of these records. In cases of myodegeneration, however, the apex-beat 
may prove of some service, as it would present a prominent ''a'' wave 
without evidence of mitral stenosis. 

VI. The Electrocardiograph and Its Value in Functional Diagnosis. 
— Every muscular action in the body is accompanied by the generation 
and conduction of an electric current. The human body may therefore 
be regarded as a battery with the two arms and the two legs as its 
natural and convenient poles. When the body is at rest, the predominat- 
ing electrical current is that associated with the contraction of the 
heart muscle. 

If now, with the body at rest, the two hands, or one hand and one 
foot, are connected by wires into a circuit, with a very sensitive gal- 





Fio. 27. — Typical Cabdiooram in Case of Marked Myocardial and Subendocardial 

Disease of Luetic Origin. 
This patient showed bundle-branch block, widening of the Q-R-S interval and 
pulsus alternans. Note prominent ''a'' wave in the cardiogram. 

vanometer between them, each time that the heart-beats the needle of 
the galvanometer will be deflected to one side or the other, depending 
upon the direction of the current; and the extent of its deflection will 
be proportionate to the amount of current and the difference in poten- 
tial between the two poles. Not only will the galvanometer needle be 
deflected each time that the heart-beats, but it will be deflected with the 
auricular contraction flrst and then with the ventricular contraction 
separately. A graphic record of the deflections can be obtained by 
photographing the movements of the needle on a moving film. 

Einthoven of Leyden invented a galvanometer which is exceedingly 
sensitive to very minute electrical currents or differences in potential.®' 
It consists of a fine quartz or platinum thread suspended vertically in 
an electromagnetic field. Its ends are connected by wires to the poles 
of the body to be examined. When the current from the body passes 
through the thread, it is attracted to one or the other side of the mag- 
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netic field. Tbia thread U magnified by s powerful lena and is illamined 
by a powerfnl arc-lamp. Its shadow is focused on a camera in which 
it is photographed on a moving film. 

By this method it is possible to study very small currents. The 
electric variations accompanying the cardiac action have an intensity of 
from 1 to 3 millivolts. The current is led off to the string in three 
directions — Lead I contains the right hand and the left hand in the 
circuit, Lead II the right hand and left foot, and Lead III carries the 
current from the left hand and left foot. The current from the body 




Fia, 28. — DuoRAK Sbowino thi Tiub Bilations bitwexh the Waves or TBx 
Elictbocasdiooraii, the Heabt Sounds and thz Contractions or Aubicl,R8 
AND ViHTRicLZS. (Barker, HirKhfelder and Bond, in Journal of the Ameri- 
eun Medical Auociation.) 
Vertical divisions indicate tenths of a second. 

enters the string at its upper end. An electrocardiogram is obtained 
from each of the three leads in cases studied. 

1. Interpbetation op the Electrocardiogram. — The normal elec- 
trocardiogram consists of a series of waves, the result of auricular and 
ventricular activity. (See Fig. 28.) As can be seen, the first wave is 
small and is due to the activity of the auricle — designated by Einthoven 
the P wave. This is followed by a very small depression of the curve 
below the base line, and is called the Q depression. Then comes a series 
of waves due to the action of the ventricles: a large wave R which rises 
suddenly and falls to below the base line (the S depression), and finally, 
a second smaller wave T which occurs during the middle of systole. 

Observations made by Lewis and Gilder indicate that certain clinical 
valvular conditions cause more or less typical changes in the form of 
the waves of the electrocardiogram." 

In mitral stenosis the average curve in Lead I shows a diminution of 
R and increase of S ; in Lead III it shows a conspicuous increase of R 
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and a decrease of S, as compared to the normal. This is the sign of 
right ventricular preponderance, as shown by Einthoven. The right side 
of the heart may be so predominatingly hypertrophied as to cause an 
actual inversion of R below the base line in Lead I. 

In aortic cases, on the contrary, the picture is reversed. In Lead 
I, R is increased and S diminished, while in Lead III, R is diminished 
and S is increased. In more marked hypertrophy, R in Lead III is in- 
verted below the base line. These changes constitute the sign of left 
ventricular preponderance.®* 

Defects of conduction are clearly shown by the electrocardiogram 
and a, reference to the accompanying figures will show the electrocar- 
diographic evidence obtained in a wide variety of cases (Figs. 29-32). 

2. Electrocardiographic Changes Associated with Mtocardiaij 
Involvement. — What is probably the most important advance in the 
interpretation of the electrocardiograph with particular reference to 
the estimation of myocardial involvement and prognosis has recently been 
made by Oppenheimer and Rothschild and reported by them froni the 
Gardiographic Laboratory of Mount Sinai Hospital.*^* The author will 
quote freely from their publications on the subject. 

**The normal electrocardiogram is to be considered the result of the 
passage of an impulse at a normal velocity through the usual channels, 
that is, node of Tawara, main stem, bundle branches and arborizations, 
which consist of the so-called Purkinje fibers. The latter form a network 
covering practically the entire endocardial surface of the ventricles. 
The velocity of the impulse through Purkinje fibers is at least ten 
times faster than its rate through ordinary ventricular musculature. 
The impulse reaches the ventricle normally through the Purkinje fibers, 
stimulating the ventricular walls practically as a whole. 

* * It is conceivable that the passage of this impulse may be hindered 
at any point in the conducting system. 

**A lesion only partly involving either bundle branch, or an exten- 
sive lesion of the arborizations of a branch such as occurs in human 
pathology, would cause a delay in the transmission of the excitation wave 
to the area supplied by the damaged conduction fibers. Such a lesion, 
if sufficiently extensive, should give observable changes in the electro- 
cardiogram, and it is probable that these changes will be distinguishable 
from the changes that are produced by most other cardiac abnormalities. 

**By intraventricular block we mean any delay in conduction below 
the main stem of the bundle of His. Intraventricular block includes: 
(1) bundle-branch block, and (2) arborization or Purkinje block, by 
which we mean interference with the conduction beyond the two chief 
branches of the bundle of His. 

**This disturbance of conduction may be permanent or temporary. 
The permanent changes we consider indicative of a definite pathologic 
lesion, generally myodegeneration (Figs. 33-34). 

**The criteria in the electrocardiograms that we have used are in 
general as follows: 

**1. Abnormal prolongation of the time interval of the Q-R-S group 
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beyond the normal limit of 0.1 second. This prolongation is most mani- 
fest in a widening of the R wave, so that its foot points are abnormally 
separated. The R wave no longer has its slender, tall, spine-like appear- 
ance, but is broader and sometimes blunter than normally. 

**2. Notching of the R wave. This notching may appear on the 
ascending or descending limb, on both limbs, or at the peak. It may 
be multiple, and its degree and location may vary slightly from beat to 
beat. In arrhythmfes, the shorter the preceding interventricular inter- 
val, the more pronounced is the evidence of disturbed intraventricular 
conduction. 

**3. Low voltage as expressed by a low amplitude of the waves in 
all three leads. This change is not uniformly present, but when it 
occurs it helps to diflFerentiate this type from the electrocardiograms 
typical of bundle-branch block. 

**4. Absence of the typical diphasic curves with huge T waves found 
in experimental bundle-branch block. 

^* Prognosis, — Special emphasis should be laid on the serious prognosis 
in patients showing electrocardiograms indicative of intraventricular 
block. Of the 58 patients studied whose fate is known, the mortality has 
been 48 per cent, within two years. 

**0n physical examination two signs have been especially noted: (1) 
a mufSed, poor or practically absent first heart-sound, and (2) gallop 
rhythm. One is often struck by the fact that the heart is hypertrophied, 
but that the first sound, instead of being booming, has a poor or muflBed 
quality. ' ' 

Vn. The Roentgen Bay and Orthodiagraph. — 1. Variations in 
THE Size op the Heart during and after Work. — The position and 
size of the heart can to a great degree be ascertained by the usual 
methods of physical diagnosis. 

The x-ray, however, is more complete in its revelations of the out- 
lines of the heart and blood-vessels. It pierces the edges of emphy- 
sematous lungs, which often cover the heart borders and can reveal the 
lower border of the heart when hidden or displaced by a distended 
stomach. The large vessels in the mediastinum are shown distinctly 
responding to the cardiac impulse. From the functional standpoint, the 
roentgen ray and orthodiagraph show the variations in size of the heart 
during and after work, and serve as excellent controls in many of the 
functional tests above described. 

The normal cardiac shadow thrown upon the fluoroscopic screen re- 
sembles the area of relative dullness on percussion, except that it also 
extends upward behind the manubrium. In the second left interspace 
the shadow of the pulmonary artery is seen and in the second right 
that of the aorta. 

This shadow is larger than the heart because of the divergence of 
the rays from the tube to the screen. To obviate this when measur- 
ing out the heart, F. Moritz devised an instrument known as the 
orthodiagraph. By means of this the exact contour of the heart can be 
marked off, both on the body and on a paper held in a frame behind 
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the patient. This furnishes a means of determining the size of the 
heart, or of any organ, with accuracy.*^ . 

Sudden variations in the size of the heart are dependent upon or 
associated with variations in the volume of blood contained in the heart. 
The heart walls remain practically unchanged during short periods, 
affected only by the slight changes in coronary circulation. It is not 
necessary to consider the hypertrophy of the heart which develops only 
during long periods of time. 

Nicolai and Zuntz studied the changes in the size of the heart during 
work by means of the roentgen ray. The work was done on a stationary 
ergometer. That is, the x-ray apparatus was applied while the patient 
was walking on an inclined plane. The plates were so exposed as to 
obtain the shadow during diastole and during systole, and the plates ob* 
tained before, during and after work were compared.®® 

The authors show that, during work, the heart increases in its dias- 
tolic size, but is normal in its systolic size. 

The increased diastole, during work, they attribute to the muscular 
and respiratory activity incident to work. The heart is normal in its 
systolic size because, during work, it empties itself almost completely 
with each beat. Such a reaction is normal, and the diastolic increase 
in size alone is not evidence of insufficiency of the heart. 

Only then when the residue in the heart chambers after systole is 
greater than normal, does an insufficiency exist. This is, therefore, an 
important mode of measuring the insufficiency of the heart for a meas- 
ured amount of work. The heart is orthodia graphed in normal systole. 
A measured amount of work is executed and x-ray measurements taken 
during diastole and systole respectively. If a greater quantity of blood 
than normal remains in the heart after systole, insufficiency may be 
said to exist. The normal heart expels only about one half its contents 
during systole. The normal reaction after work is a fall in both the 
diastolic and systolic diameters of the heart. This is attributed to the 
sudden decrease in the quantity of blood pumped into the heart as a 
result of the stopping of the muscular activity. 

The same fall in size of the heart can be observed in any person after 
closure of the glottis followed by forced expiration. This serves to 
shut off the blood from entering the heart, and naturally the latter 
becomes smaller with each systole, emptying itself of a small amount 
with each beat. 

Nicolai and Zuntz estimate the relative volumes of blood in the heart 
by taking the radius (half of the horizontal diameter of the heart) and 
multiplying it by t r,^ considering the heart spherical. 

2. The Myocardial Retraction Reflex. — Attention was directed 
in 1898 to a heart-reflex by means of x-rays and it has since been sug- 
gested as of value in determining myocardial tonicity.*® 

The reflex under consideration consists of a contraction of the myo- 
cardium of varying duration, which results when the skin of the pre- 
cordial region is irritated. The cutaneous irritant may vary from a 
spray of ether to massage with a towel or by a series of percussion blows. 
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The most effective site for inducing the heart-reflex is the spinous proc- 
ess of the seventh cervical vertebra. 

Myocardial contraction ensues in the sagittal and transverse diame- 
ters of the organ. Percussion of the muscles causes a retraction of the 
right ventricle only (myopathic heart reflex). 

The reflex in question is easily observed with the aj-rays, although 
accurate percussion will show that, after outlining the heart, a notable 
retraction may be demonstrated after cutaneous irritation. The contrac- 
tion of the myocardium implicates both ventricles of the heart after 
cutaneous irritation, although as a rule it is more evident in the left 
than in the right ventricle. It may also be noted that the myocardial 
recession persists even after the source of cutaneous irritation is re- 
moved.^^*» 

Minerbi^**^ called attention to the prompt retraction of the sound 
heart when the precordial region is tapped. This tapping with twenty 
strokes of the hammer and pleximeter is followed by retraction of the 
auricle, atrium or ventricle according as one or the other is nearest the 
line of strokes. The heart outline will then be found 1,2 or even more cen- 
timeters inside of the previously drawn outline. The retraction is evi- 
dently due to the direct or autonomic excitability of the muscle tissue. 

In very large dilatations and in advanced myocardial degeneration, 
the heart does not respond to precordial excitation and is not favorably 
influenced by balneological treatment, or the latter may even be contra- 
indicated on account of the probable development of cyanosis.^^^ If one 
can demonstrate the heart reflex even in high grades of cardiac insuflS- 
ciency, the prognosis is more favorable. 

3. Myocardial DhuAtation Reflex. — A counter reflex exists of dila- 
tation of the heart muscle as a result of peripheral irritation.^**' This 
may be evoked by percussing the spinous processes of the ninth, tenth, 
eleventh and twelfth dorsal vertebrae. This reflex has not been studied 
with regard to its evidence in cases of myocardial insuflSciency. 

Breccia ^^* called attention to the rapid enlargement of the heart in 
certain persons when the upper abdomen is briskly and repeatedly 
tapped. The heart returns to its former outline in a few minutes. This 
reaction indicates that the heart is weakened too much to respond quite 
normally to the extra demands made upon it by the mechanical stimula- 
tion thus induced in the abdominal aorta. It professes thus to be a 
rapid sign that the heart is below par. In 100 cases of mitral defect, 
Breccia found the reaction negative in the perfectly compensated cases 
and positive in the decompensated and weak. 

Vm. Metabolic Ghajiges in Impaired Heart Function. — 1. Vital 
Capacity of the Lungs as a Test op Myocardial Function. — It has 
long been known that in patients with heart disease the vital capacity of 
the lungs, that is, the volume of the greatest possible expiration after 
the deepest inspiration, is decreased below normal.^^' Determinations of 
the vital capacity in cases of cardiac disease are often of practical value 
as they give quantitative information as to the tendency to dyspnea. 
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and tbtM, indirectlj, as to the clinical condition and the resenre power 
of the patient. 

Peabody and his co-workers have made extensive graphic and clinical 
studies of the respiration by means of the following method :^^ 

''Briefly it consists in having the subject breathe through valves 
which separate the expired from the inspired air. The expired air 
passes through a closed circuit and is then rebreathed, so that the in- 
spired air contains a progressively rising percentage of carbon dioxid 
and a falling percentage of oxygen. Samples of the inspired air are 
then taken every two minutes and analyzed for carbim dioxid. A cali- 
brated volumetric recording spirometer is connected with the closed 
circuit and the volume of each respiration is registered on the drum 
of a kymograph. With the aid of an electric-timer, the minute-volume 
of air breathed can be thus easily determined." 

''From the studies of Peabody and his collaborators it is evident that 
there exists a remarkably close relationship between the clinical con- 
dition of cardiac compensation and the vital capacity of the lungs. Thus, 
in general, patients with a vital capacity of 90 per cent, or more of 
the normal standard adopted for their sex and height have little or 
no abnormal tendency to dyspnea. Patients with a vital capacity of 
from 70 to 90 per cent, of the normal become short of breath on unusual 
exertion and must lead a restricted life, although many of them can 
do light work. Patients with a vital capacity of from 40 to 70 per cent, 
of the normal are much more limited in their activities. They become 
dyspneic on moderate or slight exertion, are rarely able to work and 
frequently suffer from cardiac decompensation. Those with a vital 
capacity of less than 40 per cent, of the normal are decompensated pa- 
tients, usually confined to bed, and the mortality in this group is high. 
There is, moreover, a close correspondence in the individual case between 
changes in the vital capacity and variations in the tendency to dyspnea. 
In stages of decompensation the vital capacity falls, and with recovery 
the vital capacity rises/' 

2. The Elimination op Salt as an Index op Heart Function. — 
Koranyi's method is based upon the principle that the concentration 
of the urinary ingredients depends upon the velocity of the circulation.^^^ 
That is, with reduced circulation, the NaCl output will be reduced, and 
with acceleration it will be increased. Therefore the molecular concen- 
tration of NaCl in the urine as measured by the freezing point may be re- 
garded as a test of circulatory eflSciency ; i.e., is increased in slow- 

>iaLi 

ing circulation and lessened by rapid circulation. 

Koranyi examined 24 hour urinary collections. Loeb and Knecht 
modified the method (more accurately) as follows ^*^*: The patient takes 
his evening meal at 6 p. m. He voids at 12 midnight and 6 a. m. He 
then gets 100 grams milk and after that urinates every 1^ hours. These 

urinary portions are each examined for * -. These specimens of 

urine are not affected by previous ingesta. The effect of exercise can 
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then be studied as has been done by Loeb, and more recently by 
von Ritook."' 

The latter compared the Koranyi test with the von Recklinghausen- 
Strassburger test ^^^ in the same cases. He examined 41 cardiac cases 
suffering from failing compensation. 

The urine of 1^ hourly fractions was first examined and at the 
same time the pulse-rate (F), the minimal blood-pressure (D) and sys- 
tolic pressure (S) were taken. 

S — D = amplitude (A), from which is derived — = Q (Strassburg- 

er's Quotient), and A X pulse-rate is calculated. 

Then the patient was given some work on the ergostat, the pulse and 
blood-pressure again taken and after one hour the urine again studied 

*" N^- 

The authors frequently found contradictory results. They found 
that the amplitude estimation as a test of beat-volume, and that the A 
X pulse-rate as an index of rapidity of circulation are not accurate. 
This was also found by Klemperer."^ 

IX. Tests of the Functional Capacity of the Circulation in Special 
Diseases. — The author made studies upon soldiers between the ages of 
twenty and thirty years recruited into the Army in Kentucky. The ob- 
servations were all carefully recorded and were compiled as a mass of 
figures. An analysis has discovered certain characteristic results. 

Studies were made upon the pulse-rate, systolic and diastolic blood- 
pressure in the seated posture and repeated with the patient standing 
and again after exercise. .The blood-pressure was measured by the aus- 
cultatory method, using a vertical mercury manometer and a wide cuff. 
Hopping one hundred times on one foot was the exercise used, that 
being the one prescribed for the examination of the soldier. In most 
cases a series of observations was made and repeated and the average 
figure calculated.*^ 

Paroxysmal Tachycardia. — Lewis pointed out a distinguishing fea- 
ture between paroxysmal and simple tachycardia."' He showed that 
effort has no effect on the pulse-rate during an attack of paroxysmal 
tachycardia while it increases the rate in other tachycardias. Lewis' 
assertion was not meant for the intervals between paroxysms. During 
these intervals, the pulse-rate increases a little more than in the normal 
cases both after change of posture and after exercise. Effort may 
induce a paroxysm, while on the other hand, it is used by some patients 
to stop an attack. 

The value of testing the functional capacity of the circulation in 
cases of paroxysmal tachycardia should be emphasized as shown by the 
author in a previous study of the subject. Low arterial pressure is a 
constant finding in all these cases, though most marked during the 
attacks. The reason for this lies in the deficient filling of the ventricles 
during the very short diastolic periods. The period of ventricular 
systole is never more than 0.2 of a second. If the rate is over 200 per 
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minute, the period during which filling of the ventricles can take place 
is very short. As a result venous stasis takes place and the arterial 
pressure falls. 

From a study of the average pulse and blood-pressure changes in the 
author's series of five cases, no characteristic findings can be attributed 
to this condition, following the postural and exercise tests that were 
used in this study.^'^ 

Thyrotoxic Tachycardia and ExophthxVlmic Goiter. — Nine cases 
of exophthalmic goiter were grouped together to ascertain the relation- 
ship of hyperthyroidism to the functional capacity of the circulation. 
The findings unequivocally support the belief that hyperthyroidism 
lessens markedly the cardiac and circulatory efficiency. This is evidenced 
by almost all of the tests used. First, the average increase of pulse- 
rate on changing from the seated to the standing posture was more than 
normal. Much more exaggerated than this, however, was the sudden 
tachycardia following exercise. In this series the pulse rose an average 
of 65 beats above what it was previously in the seated posture. The 
instability of pulse-rate in these cases is associated with an instability of 
blood-pressure. The fluctuation of diastolic pressure is quite marked. 
It rises with change of posture almost twice as much as it does normally 
and falls three times as much as normally following exercise. The dias- 
tolic pressure then remains low during the time of the test. (Fig. 35.) 

The systolic pressure showed a delayed rise following exercise in a 
few cases, and gives the average of a sustained rise in the curve. This 
delayed rise or sustained level of blood-pressure signifies deficient cir- 
culatory efficiency.^^* The pulse-pressure likewise showed a delayed in- 
crease, which is perhaps of equal significance. There were only slight 
variations from the average in the results of individual cases ; the curves 
constructed from readings in separate cases resemble the combined curve 
shown in Fig. 35. 

Functional tests therefore confirm the attitude toward these cases 
that they are unfit subjects for strenuous work or prolonged exercise 
and strain. 

Neurocirculatory Asthenia. — Neurocirculatory asthenia, or the 
** effort syndrome*' of symptoms, is met with not alone in military life, 
but also under stress of civic and social relations. The disorder depends 
upon a vasomotor instability occurring in highly strung nervous indi- 
viduals, and presents the following symptoms : breathlessness, precordial 
pain, a feeling of exhaustion, giddiness and fainting, palpitation, head- 
ache, lassitude, irritability, tachycardia, apical systolic thrill, high sys- 
tolic blood-pressure and nervous instability.* All these symptoms are 
exaggerated by effort and excitement. 

In passing, it may not be out of place to point out a differential point 
between the thrill in this malady and that in organic mitral stenosis. 
The thrill in this disease, as also in some cases of thyrotoxic hearty is 
due to the diffusion of the apex beat as it strikes over several rib spaces 
with a forcible or jerky movement. This systolic shock gives to the 
palpating hand the impression of a presystolic thrill. The thrill is 
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Fig. 35.— Functional Tests in Thybotouc Tachtcaedia and Exophthalmio 

Goiter. 



VOIfc n.— 18. 



193 



194 FUNCTIONAL DIAGNOSIS 

obtained characteristically when the chest-piece of the stethoscope covers 
a whole interspace, being applied over two ribs. 

If now the stethoscope is placed obliquely upon the chest wall, so 
that its edge lies within an interspace and its mouth inclines toward 
either the upper or the lower rib, the thrill disappears. This is charac- 
teristic and almost always to be noted when there is a thrill in these 
cases. In mitral stenosis, however, the distinct presystolic wave persists 
against any adventitious attempts to obliterate it. The cardiogram in 
mitral stenosis is also different from that of this condition.^^ 

The one important feature that dominates the cardiac signs of this 
malady is the hypertonicity of the heart mtiscle. This can be recognized 
on palpation and auscultation, and is exaggerated by exercise. The 
hypertonic condition and action of the heart muscle depends upon the 
hypertensive nervous state that is responsible for most of the other 
symptoms. Tests for increased tonicity of the heart muscle have not 
as yet been developed and we must therefore rely upon our clinical 
acumen and experience to recognize and estimate it. 

McNee and Dunn,^^* and more recently Brooks,"* found the thyroid 
gland enlarged in many of these cases and consider the condition thyro- 
toxic. We believe that the clinical picture is neurogenic and psycho- 
genic primarily, rather than induced by endocrinal disturbance. Neuro- 
circulatory asthenia presents a tremogram different from that obtained 
in hyperthyroidism. The thyrotoxic tremor is fine and at a fairly regu- 
lar rate of about eight to the second. The tremogram of neurocircula- 
tory asthenia is rather coarse and irregular and the irregularity in- 
creases in rate and amplitude upon effort. 

The curve that we have constructed from studies made upon 28 cases 
of neurocirculatory disorder presenting the classical symptoms, shows: 
first, increase of pulse-rate on change of posture and following 
exercise greater than normal ; secondly, fall after exercise more gradual 
than normal; thirdly, increase of systolic blood-pressure and of pulse- 
pressure more than in the normal cases immediately after exercise 
(Pig. 36). 

It must be emphasized, however, that the hypertonic state of the 
heart muscle as a feature of this disease is of equal importance with the 
exaggeration of the symptoms and signs by effort or excitement. 

With regard to the pulse-rate, what is probably more characteris- 
tic than its exaggeration after exercise and its more gradual return than 
normally, is the instability of rate due to psychic factors. 

Table 1 shows characteristic figures from our protocols of cases of 
neurocirculatory asthenia. Each double column is from a separate case. 

It is apparent from the curve and from the table that patients with 
the effort syndrome may have normal cardiac reserve power. There is 
no delayed rise of the systolic blood-pressure after the exercise. This 
accords with the findings in three cases examined by Robey and Boas.^" 

Tests were made in cases of neurocirculatory asthenia of the effect 
of change from the lying to the seated position and from the lying to the 
standing position. The changes depend upon splanchnic effects. 
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Fio. 36. — Neubocibculatory Asthenia, 



195 



196 



FUNCTIONAL DIAGNOSIS 



Table 1. — Functional Capacitt of the Circulation in Neurocirculatory 

Asthenia. 



Pulse-rat«, seated 

Pulse-rate, standing. . . . 
Blood-pressure, seated. . 
Blood-pressure, standing 



Exercise performed 



Foot-pounds of work — 



Pulse immediately after . 

Blood-pressure 30 sec- 
onds after 

Blood-pressure 60 sec- 
onds after 

Blood-pressure 90 sec- 
onds after 

Blood-pressure 120 sec- 
onds after 

Pulse-rate 2 minutes 
after 



Sys. 


Dias. 


Sys. 


Dias. 


Sys. 


Dias. 


Sys. 


Dias. 


Sys. 


84 


• • 


96 


■ • 


90 


• • 


114 


• « 


96 


132 


• • 


132 


• • 


132 


• • 


132 


• • 


108 


115 


75 


130 


64 


108 


68 


120 


70 


122 


145 


90 


138 


84 


120 


86 


115 


75 


128 



Dias. 



70 

84 



Hopping One Hundred Times on One Foot 



3425 



156 
145 
140 
120 
135 
120 



80 
80 
85 
80 



4250 



144 
144 
144 
142 
140 
78 



76 
76 
72 

68 



4685 



156 
154 
144 
138 
134 
132 



72 
68 
66 
64 



3375 
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• 

160 
150 
134 
132 



70 
65 
65 
70 



3225 



120 
156 
136 
140 
124 
108 



90 

80 
84 
76 



Sudden change from the recumbent to the standing position causes 
a slight fall of blood-pressure. But after about 15 seconds both the 
systolic and diastolic pressure rises as in the normal cases. 

Nephritic Hypertension. — The author studied 11 cases of hyper- 
tension of nephritic origin to note what general eflFect hypertension 
alone may have upon the functional capacity of the circulation. The 
lowest diastolic pressure in the series was 90 mm. of mercury. The 
pulse-rate was augmented more than normally by change from the 
seated to the erect posture. The diastolic pressure rose on standing and 
fell after exercise, giving a curve very much like the normal (Fig. 37). 
The systolic pressure was uninfluenced by change of posture from seating 
to standing. Exercise increased the systolic pressure almost twice as 
much as normally, and what is more important, the Barringer test, i. e., 
the systolic pressure taken 30, 60 and 90 seconds after exercise, indicates, 
if not a delayed rise, an increased pressure maintained longer than nor- 
mally. The pulse-pressure does show a distinct delayed rise. That is, 
cases of nephritic hypertension, as concluded from the evidence, have a 
diminished functional capacity of the circulation. Because of the dis- 
tress after exertion, one is prompted to caution in these cases and 
no more strenuous exercises were used for the observations. 

Congenital Lesions and Cardiac Displacement. — These tests were 
not done extensively enough to warrant detailed analysis. The findings 
may be briefly summarized. 

In one ease of congenital dextrocardia with transposition of the 
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Fig. 37. — Functional Tests in Nephritic Hypebtsnsion. 
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viscera, findings were obtained quite different from the normal. The 
main feature was a marked fall, 14 mm. of mercury, in the diastolic 
pressure on change of position from sitting to standing and its return 
to 5 mm. above the previous reading after exercise. 

The same feature singularly characterized a case of patent ductus 
arteriosus. A fall of diastolic pressure of 30 mm. occurred in this case 
and persisted after exercise. It is hoped that the effect of congenital 
heart lesions upon functional efiiciency \^ill be given further study. 

In two cases of markedly displaced heart, very peculiar findings 
were obtained, chiefly an instability of the pulse-rate variations fol- 
lowing exercise. The findings are not sufficiently convincing or numerous 
to report in detail. 
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Thyroid Gland 



Tests for Hyperthyroidism. — 1. Iodin Tests fob Hyperthyroidism. 
—It has been a well-known fact that the administration of iodids over 
long periods to cases of goiter may produce symptoms of hyperthy- 
roidism.^ Fr. V. Mueller suggested the use of iodin as a means of dis- 
closing hyperthyroidism, as those suffering from this disease often ex- 
hibit intolerance to iodin by showing emaciation and tachycardia, after 
its administration. 

However, the administration of thyroid gland, iodin or iodid of potas- 
sium to show a latent hyperthyroidism is too dangerous a procedure to 
be used as a routine clinical test. This is especially true when signs of 
emaciation are present.* 

2. Mamnesco-Roseo Complement-Deviation Test for Hyperthy- 
roidism. — Marineaco ^ and, later, Roseo ^ suggested that in states of hy- 
perthyroidism there is sufficient thyroid substance (antigen) present in 
the blood-serum to give rise to the formation of antibodies in the pa- 
tient's blood. They proposed to test for these antibodies by means of 
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an antigen prepared from thyroid gland removed at operation from a 
ease of hyperthyroidism. In the experiments an aqueous extract of 
goiter, from a case of hyperthyroidism, was used as antigen, and the 
serum of the same patient was used for antibody and also the serum of 
four other cases of hyperthyroidism. In the case whose feoiter furnished 
the antigen the fixation was complete ; in the two other cases there was 
incomplete hemolysis; and in the fourth the hemolysis was complete, 
as in a normal control. 

They have also studied this reaction, using ethereal and alcoholic 
extracts of the gland. They found that the aqueous, alcoholic and 
ethereal extracts acted in about the same way; at times the ethereal 
extract was more active. In most of the cases of hyperthyroidism there 
was found either a total absence of hemolysis, or an incomplete or par- 
tial hemolysis. On the other hand, the serum of cases of hyperthyroid- 
ism never fixed complement in the presence of normal thyroid tissue, 
with the exception that the serum of a syphilitic patient gave a partial 
hemolysis with ether and alcoholic extracts of a normal thyroid. 

No definite opinion as to the value of this test can be formulated at 
present, as considerable work is necessary to determine its value in cases 
of latent hyperthyroidism. 

3. Abdebhalden 's Serodiagnosis : Appucation op Specific Fer- 
ment Test to Diagnosis op Hyperthyroidism. — Lampe* and his co- 
workers have studied the possibilities of applying the Abderhalden spe- 
cific ferment test to the diagnosis of thyroid states. They believe that 
the blood-serum of patients with hyperthyroidism contains ferments 
which are specific for thyroid tissue. They think that if, in cases of 
hyperthyroidism, there is an overproduction of normal thyroid secre- 
tion, a negative result with the Abderhalden test should be obtained, 
because in this case there is an introduction into the blood of a purely 
native protein, only in increased amounts, and therefore no production 
of ferments. If, on the other hand, we have in cases of hyperthyroidism 
the presence in the blood of a protein that is secreted by the thyroid 
— but of an altered composition, on account of the pathological changes 
in the gland — then this foreign protein would stimulate the production 
of a specific ferment and the Abderhalden reaction would be positive. 

They studied the effect of the serum from cases of hyperthyroidism 
upon normal thyroid gland, exophthalmic goiter gland, cystic and 
parenchjrmatous gland, normal thymus, hyperthyroidism thymus, ovary, 
testicle, kidney, suprarenal, pancreas, etc. In all instances where the 
serum from cases of hyperthyroidism was allowed to act upon hyper- 
thyroidism tissue, the tissue was digested. In a few cases the reaction 
was positive when the normal thyroid tissue was used. The reaction 
was alsa positive in four out of five of the cystic goiter cases and in 
the thymus and ovarian tissue cases. With the other tissues the reaction 
was negative. 

On account of these results they believe that in cases of hyper- 
thyroidism, so called, there is a true dysthyroidism, not a simple hyper- 
thyroidism. 
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Two distinct methods of detecting the presence of these antibodies 
have been devised. The first, the optic method, is capable of very wide 
application to the diagnosis of different conditions and should prove 
extremely useful in solving many problems of great clinical importance. 
It requires, however, considerable skill and technical ability as well as 
. a rather expensive apparatus. The second, the dialyzation method, is 
much simpler, both in technic and in necessary equipment. Both of 
these methods require the most assiduous attention to the various details 
given, if any dependence is to be placed upon the results of the tests. 

1. The Optic Method, — The basis of this test is as follows : A solu- 
tion of peptone in physiologic salt solution has a definite power of ro- 
tating the plane of polarized light. Likewise, the serum, both suspected 
and normal, has a similar action. The degree of rotation of either, how- 
ever, remains permanent for some time at 37° C. If a solution of pep- 
tone and normal serum are mixed and the degree of rotation of this 
mixture determined, no appreciable change will be observed between 
the initial and final polarimetric readings. If, however, a solution of 
peptone, whose polarizing is known, is treated with a serum containing 
the specific ferments above mentioned, digestion of the peptone occurs 
with the formation of products showing rotatory powers sufficient to 
change the initial rotation of the mixture to quite an extent. These 
changes may be observed at different intervals and interpreted as 
described later. 

Preparation of Thyroid Peptone. — The fresh thyroid is made blood- 
free by cutting it into small pieces and placing these under running 
water for about 15 minutes. The pieces should be dried between folds 
of filter paper and placed in about five times their weight of 70 per cent, 
sulphuric acid. The mixture is allowed to stand for three days at room 
temperature and the container shaken frequently. At the end of this 
time, the container is placed in ice water and the contents diluted with 
10 volumes of distilled water, stirring constantly. The sulphuric acid 
is removed by adding approximately the calculated amount of finely 
powdered barium hydrate and the precipitation completed with a known 
solution of this salt, the mixture being stirred constantly. When the re- 
action of the mixture becomes neutral to litmus paper, the barium sul- 
phate is filtered off. If the filtrate is turbid, refiltration is necessary, 
until a perfectly clear filtrate is obtained. The separation of the barium 
sulphate is much facilitated by the use of a large centrifuge, if such is 
at hand. The precipitate is then washed with a large amount of cold 
water and the filtrate and washings combined. The mixture should be 
tested for both barium and sulphuric acid. If either is present, it must 
be removed. This barium- and sulphuric-acid-free solution is then 
evaporated to dryness on the water-bath, under reduced pressure, at a 
temperature not exceeding 40° or 50° C. It is wise to test the evaporated 
material at several intervals for the presence of either barimn or sul- 
phuric acid, as these sometimes appear on concentrating the mixture. 
It is important that these be removed, as their presence will result in 
further hydrolysis of the peptone and, in consequence, will lessen the 
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value of the final product. A thick, yellow syrup or a foamy mass 
remains after this evaporation. The product may be used in this form, 
but it is preferable to purify it, if reliable results are to be invariable. 

This yellowish residue is dissolved in methyl alcohol with the aid 
of heat, and the hot solution is poured into absolute ethyl alcohol. The 
peptone is thrown down as a yellow powder, which is soluble in water 
to a clear yellowish solution of weakly axiid or amphoteric reaction. This 
powder is not hygroscopic. A further purification is still advisable. 
The yellow powder, above mentioned, is dissolved in water up to a 5 per 
cent, solution and a 10 per cent, solution of phosphotungstic acid added 
as long as a precipitate forms. This is then filtered and washed several 
times with water. Following this, the precipitate is rubbed up in a 
mortar with some water and twice its weight of barium hydrate. This 
is again filtered and the excess of barium removed from the filtrate, with 
sulphuric acid. The barium sulphate is filtered off and the filtrate 
evaporated to dryness under reduced pressure at 40 to 50 degrees, as 
outlined above. This product is snow white and is permanent. 

It is absolutely essential for the successful application of the optic 
test that the peptone be as pure as possible. The same product is not 
always obtained by the above method, as the hydrolysis may proceed 
further than the peptone stage. Such products are unsuitable for the 
test. It is wise, therefore, to work as quickly and as carefully as pos- 
sible with a large amount of thyroid substance, so that one may obtain 
an appreciable amount of peptone. If the product is found serviceable, 
it may be kept for years. A further point to be considered in the use 
of a prepared peptone is that the solution of this product must give 
absolutely no turbidity with the serum to be tested. Such a finding 
is not infrequent, owing to the probable presence of precipitins in the 
product. Such a peptone cannot be used. 

A further important property of the prepared peptone must be its 
power of rotating the plane of polarized light. The degree must not be 
too small or the product will prove of little value. It will be seen, there- 
fore, that the preparation of a serviceable and proper peptone is a mat- 
ter of considerable difficulty and is essential to the successful perform- 
ance of the test. 

One may preserve the peptone, prepared as above, either in the solid 
state or in the form of a solution. The advantage of a solution is that 
one has on hand a large amount of material, which will give good com- 
parative results, as the solution is permanent. Abderhalden formerly 
used solutions of 0.5 to 2.5 per cent, strength. This solution must be 
absolutely clear and colorless. If not clear and colorless, it may be 
filtered through thick paper or a Berkefeld. This clear solution may be 
preserved by overlaying its surface with toluol. When required for 
the test, the solution is withdrawn by a pipet dipping below the toluol. 
If care is taken to keep a layer of toluol over the solution, the stock 
material will be permanent for a long period. Should this solution be- 
come turbid at any time, the material should be thrown away and a 
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new stock solution prepared, as above. The optical activity of this stock 
solution must be tested before each test. 

Obtaining the Serum. — The serum of the patient is obtained by with- 
drawing 10 to 15 c.c. of blood. The blood, as drawn, should be put 
directly into a sterilized centrifuge tube, so that all cellular elements 
may be completely separated. For a successful test the serum must 
not show signs of the presence of cells. A further precaution to be taken 
is that no sign of hemolysis must be present in the serum ; for this rea- 
son, the cells should be separated rapidly. It is wise to make the test 
on the same day on which the blood is taken, although, if the precau- 
tions above mentioned are observed, a delay of 24 to 48 hours does 
not materially affect the activity of the serum. 

Technic, — Having prepared the 10 per cent, solution of peptone and 
having proven that it answers all the requirements mentioned above, 
place 1 c.c. of this clear solution (withdrawn by a pipet) in a small, 
clean, sterile test-tube. Add 2 c.c. of the clear suspected serum and 
shake the tube several times. Examine the mixture carefully for any 
turbidity or precipitation. If any is observed, the test cannot be car- 
ried out. Add sufficient physiologic salt solution to the mixture to 
fill the 1 decimeter polarimetric tube. This mixture with salt solution 
is preferably made in this way, rather than by adding the salt solution 
after the peptone solution and serum have been placed in the polarizing 
tube. Any turbidity may be much more easily detected. Pour the 
above mixture into the 1 decimeter tube, whose mantle has been filled 
with water at 37^ C. 

Carefully determine the initial rotatory power of the mixture, check- 
ing the readings several times and controlling them by subsequent ones 
after 5 or 10 minutes. No change should be observed in these read- 
ings. Place the tube and its contents in the incubator at 37® C. and 
repeat the readings every hour for a few periods, and then continue 
every 6 to 8 hours. Do not extend the investigation over more than 
48 hours. Record all readings and interpret them as given below. 

Control tubes must be arranged as follows: (1) the peptone solution 
alone; (2) the suspected serum alone; (3) peptone solution plus nor- 
mal serum; (4) peptone solution plus known positive serum; (5) pep- 
tone solution plus inactivated (heated to 60® C.) suspected serum. In 
all of these controls the same conditions must be maintained and the 
same length of polarizing tube must be used as in the test itself. If 
any turbidity occurs in any of the control mixtures or tubes, these must 
be disregarded in interpreting the test, as turbid solutions give variable 
results with the polarimeter. 

It goes without saying that this test requires the very best equip- 
ment possible. The cheap polariscopes are absolutely useless, as they 
are not delicate enough to detect the fine variations given. The three- 
shadow instrument of Landolt-Lippich is especially to be recommended. 
The polarizing tubes used are, preferably, the 1 decimeter tubes which 
are furnished with a mantle which may be filled with water at any 
desired temperature. If different length tubes are used in any of the 
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tests, a correction must be made in order that comparative figures may 
be obtained. 

In performing this test, even to a greater degree than when the in- 
strument is used in other work, much depends upon the ability of the 
worker to detect slight variations in the degree of the rotatory powers 
of the mixtures under investigation. The method is easy to learn, but 
the special sensibility toward such changes cannot be taught. Abder- 
halden cautions any one who shows a working error of as much as 0.04° 
in his observations against attempting to interpret the test. 

In reporting the result of this test, Abderhalden employs the fol- 
lowing method : 

Deviations within 0.04® .Negative 

Deviations between 0.05® and 0.1® Positive (+) 

Deviations between 0.11® and 0.2® Positive (++) 

Deviations over 0.2® Positive (+++) 

2. The Dialyzaiion Method. — This method is much more simple 
than the optic method, as regards both technic and apparatus. It must 
not be thought, however, that any less care is necessary in carrying out 
the details of the test. In fact, erroneous results are, perhaps, more 
easily obtained by careless manipulation when this method is employed. 

The basis of this method is the conversion of the colloidal non- 
dialyzable protein into dialyzable products, through the activity of the 
ferments above mentioned. These products are, then, detected by sim- 
ple color reactions in the dialysate. 

Preparation of Thyroid Protein, — ^As autolysis proceeds fairly rap- 
idly in thyroid tissue, prepare the albumin from thyroids which should 
be as fresh as possible. Remove the external portions of the thyroid, 
and wipe away as much blood as possible. Cut the material into 
small pieces and wash for a short time in running water.* While 
this is being done, boil about 2 liters of water, to which are added 2 
drops of glacial acetic acid. Throw the washed bits of thyroid into this 
boiling water and boil for 5 to 15 minutes. Pour the mixture upon 
a loose, quick-acting filter and boil the pieces again with a second por- 
tion of acidulated water for 5 to 15 minutes. Pour off this water and 
test with the triketohydrinden hydrate reaction {see page 210). If a 
positive reaction results, the thyroid tissue must be again boiled with 
acidulated water until a negative reaction occurs. The essential points in 
this process are rapid and complete coagulation of the protein and the 
removal of all soluble dialyzable material which may react with the 
reagent mentioned above.** 

As soon as a negative result is obtained with the extractive water, 
pour the mixture into a wide-mouth flask, add some chloroform, and 
then overlay the fluid with toluol and stopper the flask; or else 

* It is essential that all visible blood be removed, as its presence will introduce 
a large error. 

** Care must be taken not to add an excess of acetic acid to the water, as this 
may interfere with the ninhjdrin test and thus give rise to an appreciable error. 
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place the material in several smaller glass jars and overlay with toluol. 
This protein keeps almost indefinitely and may be removed from the 
containers. as desired. It should be tested, from time to time, to show 
that it contains, in itself, nothing which may react with the reagents 
used in the later test.* 

Obtaining the Serum. — The serum is obtained by venous puncture, 
the blood (about 10 c.c.) being drawn directly into a sterilized centrifuge 
tube. The cellular elements are separated as quickly as possible and 
the serum drawn oflE into a clean sterile tube, ft is of especial impor- 
tance in this test that the serum show no sign of hemolysis. As it has 
been shown that amino-acids are present in the blood during digestion 
and may, therefore, give a positive reaction with triketohydrinden hy- 
drate, it is wise to take the blood in the morning before breakfast in 
all cases. If this is not done, a smaller amount of serum must be used 
in the later test to compensate for this possible error. 

Selecting the Dialyzing Tubes. — It is evident that this part of the 
preparation for the test is of extreme importance. The dialyzing thim- 
bles must be permeable for peptone but not for protein. Unless these 
conditions obtain, the test is valueless. Not all of the thimbles on the 
market are by any means suitable. Abderhalden advises the use of 
the diffusion shells No. 579 A., of Schleicher and Schull. Not all of 
these will answer the purpose. 

It is necessary, therefore, that all the dialyzing thimbles used in 
the test should have been previously tested and known to fulfill the 
above requirements. As the thimbles are usually dry and hard when 
obtained, they should be soaked in cold water for a few hours, placed 
in boiling water for a few seconds and kept in water covered with 
toluol. 

To test these thimbles for their permeability for protein, proceed 
as follows: Remove the thimble from the water and place in it 5 c.c. 
of serum or of a solution of egg albumen. Add a few drops of toluol 
to prevent bacterial action. Place 20 c.c. of distilled water in the 
dialyzing vessel and overlay this with toluol. This dialyzing vessel 
should be quite narrow, the distance between the wall and the thimble 
(when in place) being about i/i cm. These vessels are kept plugged 
with cotton and are sterilized before use. Now suspend the thimble with 
its albuminous contents in the dialyzing tube in such a way that the fluid 
outside is as high or, preferably, a little higher than that within the 
thimble. Plug the vessel with cotton to prevent contamination and 
put the apparatus in the incubator at 37*^ C. for 18 to 24 hours. At 
the end of this time, test the dialysate (outside fluid) for protein by 
the biuret or triketohydrinden hydrate reactions given below. Those 
thimbles giving negative results are retained to be tested for their per- 
meability to peptone. The shells permitting the passage of protein 
cannot be used in the test. 

Select those thimbles showing impermeability to protein and wash 

* Abderhalden recommends that this protein be tested with ninhjdrin before being 
used in any test. This is a vital point. 
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them thoroughly in water. Place in them 5 c.e. of a 1-1,000 solution of 
Witte's or, preferably, peptone from silk (peptone La Roche) and add 
sufficient toluol to cover the solution. Dialyze as above against 20 c.c. 
of distilled water, placing the apparatus in the incubator for 18 hours 
at 37® C. Those thimbles which permit the passage of peptone, as shown 
by the triketohydrinden hydrate tests, are kept for use in these tests 
and the non-permeable ones are laid aside. The properly tested and 
selected thimbles are then preserved in water overlaid with toluol. 

Technic. — Remove a few pieces of the coagulated protein from the 
container, wash in distilled water and dry between filter paper.* Break 
this up into very small bits or grind up in a mortar. Weigh out three 
portions of ^ gram each. Place i^ gram in each of three tested dialyz- 
ing thimbles in such a way that none of the material touches or remains 
upon the top or outside of the shells. Carefully wash off the outside 
of the thimble by means of a stream of distilled water or hold it under 
running water. This is done to remove any possible adhering protein, 
which would vitiate the test later made. Now add to Tube No. 1, 1 to 
1.5 c.c. of clear hemoglobin-free serum to be tested. Withdraw this 
serum from its container by means of a sterile graduated pipet. Over- 
lay the surface of the mixture in the thimble with toluol. Then place 
this thimble in a sterile dialyzing tube, as described above, containing 
20 c.c. of distilled water, which should stand slightly higher than the 
fluid in the thimble. Overlay the external fluid with toluol and plug 
the dialyzing vessel ^ith cotton to prevent contamination. Place the 
apparatus in the incubator at 37*^ C. for 18 hours and then test the 
dialysate for peptone, as outlined below. 

Controls. — Charge Thimble No. 2 with V^ gram of thyroid protein 
and 1 c.c. of serum of a known positive control. Overlay with toluol 
and arrange as above. 

Charge Thimble No. 3 with i/^ gram thyroid protein and 1 c.c. of 
a known negative serum or with the inactivated (heated to 60° C.) 
serum used in the test. 

A further control should be run, using 1 c.c. of the serum alone with- 
out the addition of protein, to prove that it does not contain any 
dialyzable substances which will give the later reactions. 

The tests with all of these controls are carried out exactly as the 
test itself, every precaution being t^en to prevent the introduction of 
errors. The tests for cleavage products of protein are made with one 
of the following tests, the latter being in some respects preferable. 

(a) The Biuret Test. — This was the test formerly employed by Ab- 
derhalden and has some advantages, one being that it does not react 
with certain dialyzable products not infrequently present in the serum 
of normal subjects. It requires considerable care and skill in manipu- 
lation as well as in interpretation. Doubtful results are very frequent 
unless every precaution is taken. 

Remove about 10 c.c. of the dialysate by means of a pipet, dipping 

* Test the material before use with the triketohydrinden hydrate reaction. Abso- 
lutely no trace of a blue coloration should be obtained. 
VOL. IL— 14. 
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below the toluol. Place this in a test-tube and add 5 c.c. of a 33 per 
cent, sodium-hydrate solution. Mix by careful shaking and add very 
carefully, drop by drop, from a buret a very dilute (0.25 per cent.) 
solution of copper sulphate in such a way that a distinct contact ring 
is formed. If peptone is present, a violet-red to a pure red contact 
ring will be observed, sharply differentiated from the lower colorless 
and upper blue solutions. This is a positive reaction. A negative re- 
sult is shown by the appearance of a distinctly blue ring. It is not 
the simplest matter to distinguish between the various shadings which 
occur, so that one must not make his decision without having had some 
experience in differentiating the colorations obtained with pure protein 
and peptone solutions. 

(6) The Triketohydrwden Hydrate Reaction. — This reagent occurs 
in colorless crystals readily soluble in water. It may be obtained under 

CO 
the trade name of ninhydrin. Its formula is C^H^ ^ \ C(OH),. 

CO ' 
It is of especial importance that every precaution be taken to prevent 
error when this reagent is used, as reactions may rise from the pres- 
ence of substances which are not at all associated with the hydrolytic 
products of protein material. This reagent is not by any means specific, 
even for albumin, peptone or amino-acids, although it was formerly be- 
lieved that it reacted only with substances containing an amino and a 
carboxyl group, the former especially in the a position. It has been 
shown that there are a large number of compounds which are not in 
a chemical sense combinations with amino and carboxyl groups and 
which, nevertheless, give very characteristic reactions. Among these 
we find: amins; amino-aldehyds ; urea derivatives; amino-sulphonic 
acids; ammonium derivatives of certain organic acids, dicarbonyl com- 
pounds and halogen-aldehyds ; ammonium compounds of thiosulphuric, 
oxysulpharsenic and selenic acids; ammonium formate, ammonium thio- 
lactate, etc. Of special importance is the fact that a very small amount 
of basic products of putrefactive origin will give a decided reaction 
(hence the importance of using every means to prevent decomposition 
of the tissue). 

Certain further precautions are essential. If any of the original 
protein is left on the outside of th^ dialyzing thimble, a very obvious 
error will arise. If the serum used contains amino-acids, the amount 
must be determined by depth of color with the ninhydrin. One must 
avoid the presence of acid or aramoniacal fumes in the laboratory. Strong 
alkalis cause, in themselves, a coloration with the reagent, while dilute 
alkalis may decolorize the solution. Acids prevent the appearance of 
the blue color and will destroy the color already formed, even in the 
presence of a large amount of reacting material. It must be insisted, 
therefore, that the fluid to be tested be absolutely neutral. Further, 
all vessels and pipets must be absolutely clean and the water used must 
be free from bacteria. 
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Bemove 10 c.c. of the dialysate by means of a pipet dipping belowthe 
toluol and place this in a large test-tube. Add 0.2 c.c. of a 1 per cent, 
aqueous solution of triketohydrinden hydrate. Heat rapidly to the boil- 
ing point and keep the mixture boiling for 1 minute. If the reaction 
is negative, the solution remains colorless or becomes, at most, light 
yellow. If the reaction is positive, a deep blue color will appear either 
immediately or on allowing the tube to stand for a short time. After 
use, the thimbles should be washed thoroughly in running water and 
then placed in boiling water for not over 15 seconds. 

The reaction i§ carried out in the same way with the control tubes. 
Tube 2 should show a distinct positive reaction, while Tube 3 should 
give a negative result. The tube with serum alone should show a nega- 
tive reaction, but occasionally it is positive, owing to the presence of 
a large amount of amino-acids in the serum as drawn. If the controls 
are all positive, the test is, of course, valueless, as some factor has been 
imperfectly controlled. 

4. Test of Claude, Baudouin and Pobak for HYPERTHYEoroiSM. — 
These observers* have described the use of the extract of the posterior 
lobe of the pituitary in the diagnosis of latent hyperthyroidism. This 
extract was obtained by the action of alcohol at 70° upon the pituitary 
powder, which was dried and freed from fat. The alcohol was evaporated 
and the residue dissolved in normal salt solution. The strength of the 
solutions used was such that 1 c.c. was equal to one-half of a posterior 
lobe of a beef's pituitary, corresponding to 0.5 gram of pituitary 
powder. 

They found that the subcutaneous injection in normal cases produced 
a marked reaction, pallor, glycosuria, diarrhea, and acceleration of the 
heart. The blood-pressure remained the same or was lowered. When 
injected into cases of hyperthyroidism the results were the same, with 
the exception of the Cardiovascular effects. In normal cases the accelera- 
tion of the pulse commenced two or three minutes after the injection 
and reached a maximum in 10 to 15 minutes. Then the increased fre- 
quency diminished, and in about twenty minutes the pulse-rate was 
normal. In the cases of hyperthyroidism the pulse, which was rapid be- 
fore the injection of the pituitary extract, decreased very quickly from 
eight to ten beats. This decrease was reached in about two minutes, 
sometimes four or six, or rarely ten, and lasted from seven to eight 
minutes, returning, as a rule, to a rate markedly below the rate previous 
to the injection. 

This bradycardia effect they think is due to stimulation of the vagus 
nerve, while its effect in the cases without existing hyperthyroidism is 
on the accelerator sympathetic. In the cases of hyperthyroidism there 
exists a tachycardia due to hyperexcitation of the sympathetics, and on 
account of this state of hyperexcitation these nerves do not react to 
the pituitary extract. The nerve endings of the vagus which are not 
excited feel the full effect of the pituitary stimulation and the heart 
is slowed. 

5. Metabolism Studies as a Test for Hyperthyroidism. — It has 
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long been known that there exists a markedly augmented catabolism 
in cases of hyperthyroidism/ The respiratory interchange shows an 
increase of 50 per cent., 70 or 80 per cent., in the amount of oxygen 
consumed.® 

Du Bois • has found that the increase in metabolism is strictly pro- 
portional to the severity of the clinical symptoms. 

The development of apparatus for measuring the respiratory ex- 
change of man has proceeded along two lines. In one type the subject 
is completely enclosed in a chamber; in the other, the subject is at- 
tached to the respiration apparatus by means of some breathing ap- 
pliance. The chamber type includes the respiration apparatus of Petten- 
koflfer and Voit/° Sonden and Tigerstedt,^^ Jacquet," and Grafe," the 
Atwater-Benedict ^* respiration calorimeter and the apparatus of the 
Nutrition Laboratory.^* The open-circuit apparatus are represented by 
the apparatus of Speck,^® Zuntz-Geppert,^^ Tissot " and Douglas.^* The 
closed-circuit apparatus include the two types of the Benedict ^° ap- 
paratuSy Roily 's^^ modified Benedict apparatus and that of Krogh.*' 

The respiration calorimeter used at Bellevue Hospital has been de- 
scribed by Lusk *' and by Riche and Soderstrom.** 

(a) Clinical Respiration Appaa^oftiis of Benedict. ^^ — The clinical 
respiration apparatus in its finished form consists of: (1) a respiration 
chamber, suitably illuminated and ventilated, in which the subject may 
lie comfortably upon a cot; (2) a universal respiration apparatus with 
a rotary blower for ventilating the chamber, an absorbing system for 
purifying the air of carbon dioxid and water, and a suitable oxygen 
supply; (3) accessory apparatus in the form of thermometers, barometer, 
and apparatus for recording the pulse-rate and the degree of muscular 
repose. 

In this description of the clinical respiration apparatus, it is advan- 
tageous to consider, first, the universal respiration apparatus. 

(&) Universal Respiration Appajratns, — The universal respiration 
apparatus, which was developed in the Nutrition Laboratory at Boston, 
has been used in a considerable number of researches. In principle 
the respiration apparatus is designed to supply the chamber with a mov- 
ing volume of air, absorb the carbon dioxid in the outcoming air, replace 
the oxygen consumed by the subject, and return the air again to the 
chamber with a chemical composition not materially unlike that of atmos- 
pheric air. 

In the process of purification the carbon dioxid in the air is com- 
pletely absorbed, the amount excreted by the subject being determined 
by the increase in weight of the absorbing vessels. Thus gas analyses, 
with their attendant difficulties of technic, are unnecessary. The oxygen 
consumption is quantitatively determined directly by noting the amount 
it is necessary to introduce into the respiration chamber in order to 
secure the same volume of air in the chamber at the beginning and end 
of the experiment, due allowance being made for changes in tempera- 
ture, pressure, and volume of water-vapor. 

The air, as it leaves the chamber, contains the carbon dioxid and 
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water given oflf by the subject and is also deficient in oxygen, owing 
to the oxygen required for combustion in the subject's body. The out- 
coming air is forced by the positive rotary blower into the absorbing 
system and passes first into an empty glass Williams bottle, which serves 
as a trap to prevent any back suction of acid in case of an accident. The 
air then passes into a large Williams bottle, containing concentrated 
sulphuric acid, and from there into a smaller Williams bottle, also filled 
with acid, which acts as a control. The water-vapor is thus completely 
removed, but the carbon dioxid still remains. On reaching the valve, 
the air passes into either one of two sets of purifying systems, consist- 
ing of soda-lime and sulphuric-acid bottles. The carbon dioxid is com- 
pletely absorbed by the soda-lime and the water given off by the moist 
soda-lime is also removed by the sulphuric acid in the second vessel. In 
certain instances it is desirable, particularly in long experiments, to in- 
sert two soda-lime bottles. 

After the air leaves the carbon-dioxid absorbing system through 
the valve, it passes through a can containing sodium bicarbonate, to 
remove the small unweighable traces of acid vapor, which might other- 
wise irritate the nose and throat of the subject, and then continues into 
the respiration chamber. 

Theoretically, oxygen may be admitted at almost any point in the 
air-t»ircuit, but here it is represented as being introduced from a large 
cylinder through a meter at a point in the pipe, connecting the spirometer 
or tension-equalizer with the chamber. Variations in the volume of the 
air in the chamber are corrected by means of a spirometer. In describ- 
ing the various parts of the universal respiration apparatus more in 
detail, it seems desirable to follow the course of the ventilating current. 

Blower. — A most satisfactory blower, under the specification No. 
O.-D. Rotary Compressor, can be secured from the manufacturers 
in a surrounding iron box which is suitable for an oil immersion 
bath. It is a positive blower, in that the air withdrawn from the chamber 
may be forced through a considerable number of layers of sulphuric 
acid and soda-lime contained in suitable vessels. The rotary blower is 
connected by a leather belt to a small electric motor, and can be pro- 
vided with a safety clutch to prevent the reversing of the wheel through 
carelessness and the drawing over of sulphuric acid from the water-ab- 
sorbers. This latter feature has been found of advantage, although 
the safety trap has usually prevented the drawing over of the acid into 
the blower. The speed of the blower may easily be altered by a simple 
lamp resistance, these blowers usually giving a suitable ventilation — not 
far from 35 liters per minute — ^when rotating at the speed of 270 revo- 
lutions per minute. 

Acid Trap. — To prevent the possibility of drawing back strong sul- 
phuric acid into the delicate mechanism of the blower, an empty glass 
bottle is inserted in the system. While almost any form of bottle can 
be used for this purpose, it has been convenient to employ an empty 
reversed Williams bottle. 

Water Absorbers. — The air leaving the respiration chamber contains 
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a large amount of water-vapor from the lungs and skin of the subject. 
Before the carbon dioxid produced by the patient is absorbed, it is. im- 
portant to remove this water-vapor entirely from the air. The cur- 
rent is therefore first passed through two or more bottles containing 
sulphuric acid. Usually one large-sized Williams bottle is suiBcient to 
collect nearly all of the moisture, but this is followed by a second bottle, 
which retains the last traces of water-vapor. To facilitate handling 
and to prevent breakage, each bottle is usually enclosed in a small wire 
basket with a handle, by means of which it may be suspended directly 
from a hook on the arm of the balance. When these two Williams bot- 
tles are used, it is possible to retain the first one in the circuit until the 
acid and water have so increased in volume as to render them liable 
to be carried over mechanically into the second bottle. As much as 
100 or 200 grams of water-vapor may be absorbed before a change is 
required; it is fundamentally important, however, to note that this 
second Williams bottle, as well as the water absorber following the car- 
bon-dioxid absorber, must not increase in weight more than 10 grams 
before being renewed, and should be controlled by frequent weighing. 

Tubing and Piping, — The Williams bottles, as well as the soda-lime 
bottles for absorbing the carbon dioxid, are fitted with short lengths 
of rubber tubing of good quality, to which are attached respectively 
male and female parts of ordinary garden hose couplings of the standard 
%-inch size (approximately 19 mm. internal diameter). The couplings 
are, therefore, interchangeable with different forms of apparatus. With 
a standard rubber hose gasket, the couplings can be made air-tight by a 
simple twist of the hand. All of the piping throughout the apparatus 
is of standard V2-iiich (approximately 15 mm. internal diameter) pipe. 

Two-way Valve. — In order to deflect the main air-current from one 
set of purifiers to the other, it is necessary to have a two-way valve. All 
of the valve connections are of this type. A long steel rod connects 
the two valves in such a way that by throwing the handle at one valve, 
both are simultaneously turned and the air-current instantly deflected 
from one set of purifiers to the other. 

Carhon-dioxid Absorbing System, — The most effective absorbent for 
carbon dioxid is slightly moist soda-lime. The soda-lime containers are 
wide-mouthed glass bottles. Each bottle contains 2 kilograms of soda 
lime, capable of absorbing not less than 75 grams of carbon dioxid, and 
weighs, when filled, about 4 kilograms. The dry air in passing through 
the moist soda-lime absorbs moisture, and it must, therefore, be dried 
again, which is done by passing it through the Williams bottle. 

Either series of carbon-dioxid absorbers may be used as desired, for 
if the air-current has been passing through the first series for a given 
experimental period, the air can be instantly deflected through the other, 
by turning valves simultaneously. The combined increases in weight of 
the absorbers represent the amount of carbon dioxid absorbed. It is pos- 
sible that the amount of water-vapor given up by absorbers to the 
dry air passing through it may be actually more than the amount of 
carbon dioxid absorbed, so that the bottle may lose in weight. On the 
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other hand, the water-vapor given up is immediately absorbed, and 
hence the algebraic sum of the weight of the two bottles gives the weight 
of the carbon dioxid absorbed. Usually both bottles are weighed on 
a balance at the same time. 

The moisture in the soda-lime is essential to the eflSciency of the ab- 
sorbent. The amount of water absorbed by the air-current from the 
soda-lime and collected in the Williams bottle may be determined by 
weighing the Williams bottle separately. If the soda-lime is re-moist- 
ened with the same amount of water that has been lost, the absorbent may 
be considerably regenerated. It has been found practicable to add the 
water through a funnel inserted in the intake of the soda-lime bottle 
at the end of each day's experimentation. By the next morning the 
experiment can be carried on as usual. 

Although moist soda-lime is a most eflScient absorber of carbon dioxid, 
yet it has been thought desirable to test the completeness of absorption 
by the insertion of a small flask containing a solution of barium hy- 
droxid, in such a manner that, by opening the pet-cock, a portion of the 
air from which the carbon dioxid has presumably been absorbed may be 
deflected through the barium hydroxid solution, where the slightest trace 
of carbon dioxid is indicated by a turbidity. 

As the amount of carbon dioxid given off by the subject is deter- 
mined by noting the increase in weight of the soda-lime vessels with its 
attendant Williams bottle, the degree of absolute moisture iji the air 
when it enters the soda-lime bottle and leaves the Williams bottle should 
be identical. If, however, the sulphuric acid in the Williams bottle 
which follows the soda-lime container, is allowed to accumulate water 
to such an extent that its eflSciency as a water-absorber is somewhat less 
than that of the Williams bottle, preceding the soda-lime container, it is 
obvious that there would be a loss of water from the system as a whole 
and the amount of carbon dioxid thus measured would actually be too 
small by the amount of water escaping absorption. Conversely, if the 
air is not so dry before it enters the soda-lime bottle as when it leaves 
the Williams bottle following, there will be an undue increase in the 
weight of the carbon-dioxid absorbing system, owing to the excess water 
absorbed. If the routine with the Williams and the soda-lime bottles 
is carried out as previously outlined, no diflSculty is experienced, but it 
is advantageous occasionally to test the eflSciency of the apparatus for 
absorbing carbon dioxid and water-vapor. Consequently in blank tests, 
i.e., with the apparatus in operation but with no subject inside, it is 
advisable to weigh the sulphuric-acid and soda-lime vessels separately, 
and continue passing the air through the system for half an hour. Un- 
der these conditions, the loss in weight of the soda-lime vessel should, 
of course, be exactly counterbalanced by the increase in weight of the 
accompanying Williams bottle. 

Sodium-bicarbonate Can, — In order to absorb the unweighable traces 
of acid fumes which may remain in the air after it has been carried 
through the Williams bottles, it is necessary to insert in the air-circuit a 
small can filled with dry sodium bicarbonate and cotton batting. This 
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completely removes the acid fumes and does not affect the detennination 
of the carbon dioxid or of the oxygen in any way. The sodium bicar- 
bonate does not need frequent renewal, the amount used remaining effi- 
cient for approximately a year's experimenting. 

Oxygen Supply. — The point at which the oxygen is introduced may, 
of course, be varied according to the conditions under which the appa- 
ratus is to be used. The direct determination of the amount of oxygen 
absorbed by the subject may be made either by introducing it from a 
small cylinder of the gas and noting the loss in weight during the experi- 
ment, or by passing the oxygen through an exceedingly delicate and 
accurate gas meter. These small cylinders weigh, when filled, about 
3 kilograms, and contain about 150 grams of oxygen with a purity of 
about 98 per cent. 

One of the greatest difficulties in using these cylinders has been the 
selection of a suitable valve, that furnished on the cylinder by the manu- 
facturer being difficult to utilize, owing to the high pressure under which 
these cylinders are filled. Formerly recourse was had to one of the 
numerous types of reduction valves, but a thorough test of these showed 
no valve which would functionate properly for a long period. One or 
two types of needle valves have been found which are much less expen- 
sive and give a satisfactory closure. Such a needle valve is coupled to 
the exit of the cylinder, then closed, and the main valve on the cylinder 
is opened to its fullest extent. The issuing gas may then be very deli- 
cately re?gulated by means of the needle valve. With so high a pressure 
it is obvious that the packing around the main valve stem should be ex- 
cellent so as to give no opportunity for leakage of air. The valves may 
be tested by immersing the cylinder and valve in water or by weighing 
the cylinder carefully on a balance, and then again an hour later ; any 
loss of oxygen between the two weighings will be instantly apparent. 

Extended experience in respiration experiments has shown that the 
respiratory exchange is absolutely unaffected by increased oxygen per- 
centages and even by the respiration of pure oxygen, but if the oxygen 
percentage is lowered to 11 or 12 per cent., respiratory disturbances 
are apt to appear. 

Oas Meter, — From many standpoints, the use of a small weighable 
cylinder of oxygen is to be recommended. On the other hand, there 
are certain advantages in using an accurately calibrated gas meter 
under such conditions as to preclude excessive temperature fluctuations. 
Benedict and his associates generally employed a large cylinder of 
oxygen with a needle valve, conducting the gas through a carefully cali- 
brated meter of the type devised by Bohr. This meter registers 5 liters 
for each complete revolution of the drum and may be read directly to 
50 c.c. Constructed of britannia metal, it may, without injury, be com- 
pletely immersed in water in a large aquarium vessel and so leveled as to 
be easily read. The corrections for temperature changes are minimized 
by this immersion in water. It is not possible, of course, to control the 
barometric fluctuations and the meter readings should, therefore, be 
corrected not only for the average of the temperature fluctuations obtain- 
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ing throughout the experimental period, but also for the average changes 
in the barometer. For relatively short periods, this can best be done by 
using the temperature readings taken at the beginning and end of the 
period, and the barometer readings taken at the same time. 

The meter is calibrated by the method of weighing the gas delivered 
from an oxygen cylinder. Many tests of this type of meter show that, 
when properly installed, it gives admirable results, and when a long 
series of experiments is contemplated, its use is strongly recommended. 
A small, weighable cylinder of oxygen is required in either method, since 
such a cylinder is necessary for the calibration of the gas meter. 

The oxygen, leaving the cylinder, first passes through the small bottle 
of water, which is immersed in the tank containing the gas meter. This 
serves to saturate the oxygen with water, for in its compressed state it is 
extremely dry. 

Spirometer or TetisiortrEqualizer. — Although an absolute temperature 
control is theoretically possible with this apparatus, thus securing a con- 
stancy in the apparent volume of the air in the closed system, it is prac- 
tically impossible to prevent slight temperature fluctuations, and these, 
together with the unavoidable and uncontrollable fluctuations in the 
barometric pressure, indicate the necessity for some form of tension- 
equalizer which will insure atmospheric pressure in the chamber. For 
this purpose a small spirometer is used. When a mouthpiece or nose- 
pieces are employed with the universal respiration apparatus instead of 
the chamber, the entire air-current passes through the spirometer, and 
sundry devices are attached to it for tracing graphically the volume of 
each respiration and for indicating the total ventilation of the lungs. 
When the respiration chamber is used, however, it is not necessary' for 
the air-current to pass through the spirometer; consequently, the three- 
way valve is closed to the spirometer and direct connection is made 
between the spirometer and the respiration chamber, by means of a pipe. 

As commonly used on the universal respiration apparatus, the spirom- 
eter has a content of about 2^^ liters. During the development of the 
clinical chamber a considerably larger spirometer was employed which 
held approximately 5Vi> liters, but more recent testing of the apparatus 
has shown that the standard size is amply sufiicient for the purpose. 
With a small spirometer there is always a possibility that a patient 
may suddenly make a violent or extended muscular movement inside 
the chamber, such as in turning over, throwing off the bed clothes, or 
unduly moving the arms or legs, which would produce an expansion of 
air that would lift the bell of the spirometer above its normal limits 
and out of the water, thus causing a leakage of air. The danger of such 
an accident may, of course, be avoided by the use of a larger spirometer, 
but only rarely would even a large subject make such extraneous muscu- 
lar movements as would produce this effect. Two practical methods may 
be employed for preventing it, even with a small spirometer. One is 
to place a weight of 80 grams on the bell of the spirometer when it is 
rapidly rising, thus immediately lowering it ; the weights can be removed 
when the conditions inside the chamber have again become normal. An- 
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Other expedient is to place a bar across the top of the spirometer guide 
supports in such a manner as to prevent the bell from rising high enough 
for air to escape. With the use of such devices when necessary, we feel 
confident that a spirometer with the ordinary volume of 3 14 liters is 
sufficient for use with the clinical chamber. Furthermore, experimental 
periods in which the muscular activity was sufficient to expand the air 
unduly would be of little, if any, value. With the use of the small 
spirometer, however, the operator should take care that no air is lost 
through an undue elevation of the spirometer bell or the admission of 
an unnecessarily large amount of oxygen. 

The exact height of the bell should be recorded at the beginning add 
end of each experimental period by noting the position of a pointer at- 
tached to the counterpoise and traveling over a vertical millimeter scale. 
The spiromet-er bell is delicately counterpoised so as to give zero pressure 
at approximately a middle point of the scale. There is no particular com- 
pensation device used in connection with this spirometer to allow for 
the variations of the metal displaced as the bell enters or leaves the 
water; consequently there are — theoretically at least — slight alterations 
in the tension with the different positions, so that it is advantageous to 
have the bell in nearly the same position at the beginning and end of 
each experimental period. The oxygen supply is then shut off and the 
bell gradually sinks. It is highly desirable that at the end of each 
period the bell should always be sinking, and thus in part compensate 
for the slight alteration in tension. More recently we have found it 
advantageous to move the counterpoise rod up or down by hand at the 
exact end of the period, until the very delicate petroleum manometer 
indicates that there is no pressure. At this point the reading is taken. 
. Manometer. — The small oxygen consumption and the large volume 
of the respiration chamber with its accessory parts make the influence of 
slight changes in temperature and pressure of great moment in measur- 
ing the total oxygen consumption. Consequently it is essential to note 
the exact pressure inside the chamber. This is assumed to be atmo- 
spheric, but it is possible that the spirometer does not respond instantly 
to slight changes in pressure ; accordingly it is more efficacious to use 
a very delicate manometer. This manometer is of the type employed by 
Pettersson and Sonden in their gas-analysis apparatus and indicates 
the slightest alteration in atmospheric pressure. It consists of a glass 
tube bent in the form of an arc and containing a drop of petroleum oil. 
Balances. — The carbon-dioxid elimination is determined with this 
apparatus, not by means of gas analyses, as is customary, but by accu- 
rately weighing the soda-lime bottle and its accompanying Williams 
bottle. These two absorbers have a combined weight of not far from 5 
kilograms, and since approximately 10 to 15 grams of carbon dioxid may 
be produced in a half-hour period, it is necessary to weigh these two 
vessels to within 0.05 gram.* The balance, covered with a glass case 

* The specifications for the Sauter Precision Balance are as follows: Patent Pre- 
cision Balance Nos. 7, 11, 10 kilos., with aluminum beam and iron support, black 
enameled. The sensitivity with full load is usually 0.01 gram, which is much better 
than the manufacturers claim. 
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to protect it from drafts of air, is placed in a suitable location in the' 
laboratory and used for weighing both the soda-lime bottles and Williams 
bottles, also the small oxygen cylinders required when calibrating the 
gas meters. 

Barometer, — One of the most important factors in the accurate meas- 
urement of the oxygen consumption is a knowledge of the temperature 
and of the barometri*; conditions obtaining inside the large respiration 
chamber at the end of the experimental period. From a consideration 
of the volume of the chamber, amounting to about 550 liters, it will 
be seen that a change of 0.1 millimeter in pressure corresponds to 
a variation in volume which, as will appear later, affects the measure- 
ments of the oxygen consumption by about 72 c.c. Accordingly we 
recommend the use of the highest grade standard barometers, with 
special illumination and lens attachment to read to 0.05 mm. Indeed, 
it can be said that one perequisite of the successful use of the respira- 
tion chamber is a barometer with an exceedingly high degree of ac- 
curacy. The necessity for an accurate barometer and the significance 
of the barometric measurements become greater, the shorter the experi- 
mental period. If one is dealing solely with periods of two or more 
hours, an ordinary barometer, reading to 0.1 or 0.2 mm., would be suffi- 
ciently exact for the purpose, but when one attempts to make the 
experimental periods as short as one-half hour, the most exact barometric 
measurements are necessary. 

Connections of the Apparatus tuith the Respiration Chamber. — The 
universal respiration was primarily designed for the study of the res- 
piratory exchange by using nosepieces or a mouthpiece. When the 
three-way valve is turned and the coupling is connected with the pipe 
at a point in the line, the universal respiration apparatus is ready for 
accurate tests with nose or mouth-breathing. All that remains is to 
turn the three-way valve at the proper moment so as to connect the 
mouth of the subject with the air-pipe. With the clinical respiration 
chamber, however, the apparatus is used in an entirely different manner. 
The main ventilating current of air, instead of passing continuously 
through the spirometer, is so deflected by a valve as to pass directly 
from the chamber to the rotary blower without passing through the 
spirometer. Furthermore, the returning air, instead of passing along 
to the spirometer, goes directly to the chamber. With this form of 
connection, therefore, the pipe serves simply as a lead from the chamber 
directly to the spirometer, which is no longer a part of the ventilation 
circuit, but has become a true expansion chamber connected with the 
large respiration chamber. 

Respiration Chamber. — The respiration chamber is the new part of 
the clinical respiration apparatus, although here again this is, in a cer- 
tain sense, but an elaboration of the smaller chambers used for small 
animals or, more especially, a modified form of the chamber of the bed 
calorimeter From the clinical standpoint the chamber is the most 
important feature of the apparatus. 

In designing the respiration chamber an effort was made to secure 
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the perfect comfort of the subject, suitable illumination, absence of 
psychical unpleasantness or suggestion of confinement and, at the same 
time, as small a volume of extraneous air as is consistent with these 
prerequisites. It was necessary that it should be so arranged as to be 
quickly opened and closed, and that it should be capable of ample venti- 
lation, not only as to the renewal of the air, but as to the movement 
of the air inside the chamber. Finally, it should be so constructed as 
to permit quick temperature control. 

To meet these conditions a chamber was constructed of sheet cop- 
per, 0.5 mm. thick, in two parts — a base consisting of the bottom of 
the chamber together with a deep water seal, and the cover of the 
apparatus. The inside of the chamber is 200 cm. long and 65 cm. wide. 
The cover is curved and so constructed that it rests in the water seal ; 
the closure between the cover and the base is therefore air-tight.* The 
highest point of the cover is 52 cm. from the bottom and the radius 
of curvature of the top is 34 cm. The pipe which leads directly to the 
spirometer or tension-equalizer, and provides for the sudden expansion 
or contraction of the air inside the chamber, enters through the cover 
near the ventilating fan. 

The base is substantially mounted on wooden supports. Through 
the bottom are conducted the pipes for the ventilating air-current, in- 
cluding the intake pipe and the outgo pipe. Three small tubes also 
project through the bottom. These may be used for connection with 
the stethoscope, the pneumograph, or for any other purpose. 

There are, in addition, several openings in the cover of the apparatus. 
A window of plate glass is placed in a recess of the cover and made 
thoroughly air-tight with physicist's wax. This may be easily tested 
at any time by pouring 1 c.c. of water over it. Provision is made for 
the insertion of the thermometers and psychrometer and for the insu- 
lated connections for the electric fan used inside the chamber. In the 
top of the cover is a small water-sealed opening, which may be used 
to pass in or take out small objects, such as a clinical thermometer, a 
glass of water, urine bottles, or similar articles. This small opening, or 
hand-hole, is of much practical benefit, also in removing the cover from 
the apparatus, for if this hand-hole is not opened, it is practically im- 
possible to lift the cover of the apparatus out of the water seal, owing 
to the atmospheric pressure. By simply removing the cover of the hand- 
hole the entire cover of the apparatus may be lifted off in a few seconds 
without disturbing either the thermometers or the electrical connections. 
Experience has shown that it is possible to converse freely with the occu- 
pant of the chamber without a telephone, and the large window immedi- 

* As the water seal has considerable depth, the apparatus may be adjusted for 
large subjects by lifting the cover at either end, or as a whole, by means of the 
pulley arrangement referred to later in giving the routine of an experiment, or 
oy supports placed in the water seal. In thus increasing the volume of the chamber 
it is necessary only to make sure that the depth of water over the lower edge of the 
«over is sufficient for the complete exclusion of air. This will be found especially 
convenient in cases of obesity or for heart cases. Usually it will be sufficient to 
lift only the head end of the cover. The increase in the apparent volume of the 
ch.%mb«>^r is readily corrected by a simple calculation. 
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ately above the subject ^ves an appearance of light and freedom, with 
absence of psychical disturbance, which is very much to be desired. 

With this hermetically sealed chamber it is obviously necessaly to 
provide for a ventilating air-current and oxygen supply, unless the 
principle of Kaufmann^^ is employed and the carbon dioxid is allowed 
to accumulate. This respiration chamber lends itself admirably to tests 
by the latter method, if they are desired, as the spirometer which is 
directly connected with the chamber allows for an expansion of the air 
without loss of carbon dioxid or a diminution of air. Such an experi- 
ment is, of course, limited by the increment of the carbon-dioxid per- 
centage. In actual practice, however, we invariably ventilate the 
chamber by means of the universal respiration apparatus already de- 
scribed. Pinal adjustment of the pressure inside the chamber is obtained 
by means of the petroleum manometer. 

Circulation of Air Inside the Chamber, — To provide a gentle move- 
ment of the air, which shall aid in the temperature control, the air in 
the chamber should be allowed to mix thoroughly, and comfortable con- 
ditions for the subject should be maintained. A rotary air impeller, of 
a standard type, should be installed inside the cover of the chamber. 
The discharge from the blower is directed toward the curvature of the 
top in such a way as to blow directly on the wet bulb thermometer and 
provide for the maximum air movement and equalization of both tem- 
perature and composition of air. It is necessary to operate this blower 
a half -hour before the experiment begins so that it may be thoroughly 
heated to its ordinary running temperature. 

Temperature Measurements and Control, — An accurate and rapid 
temperature control for this chamber is of fundamental importance, even 
more important, in a sense, than the comfort of the subject ; for to obtain 
an exact measurement of the oxygen consumption, the difference be- 
tween the average temperature of the air inside the chamber at the be- 
ginning and that at the end of an experimental period must be accu- 
rately known. Theoretically an electrical resistance thermometer is to 
be preferred for obtaining these temperatures. As it was undesirable 
to complicate the apparatus further by the addition of an electric equip- 
ment of this type, four good mercury thermometers, graduated in 0.1® 
C, have been used and found to serve the purpose admirably. These 
are placed at different points in the chamber. The average readings 
of these four thermometers give a most satisfactory measurement of the 
average temperature of the air in the whole chamber, particularly when 
the subject has been in muscular repose for at least ten minutes prior 
to the final reading. 

To control the temperature normally, the temperature environment 
of the room is held at such a point as to allow for a rate of normal 
heat radiation which will keep the temperature of the air inside the 
chamber not far from 22° to 23° C. In winter this is readily accom- 
plished by a simple adjustment of the windows in the room. In summer 
it is more diflficult, but for the greater part of the year it has been 
found practical to reduce the heat when necessary by placing a 
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piece of moist cheesecloth over a portion of the top and directing the 
current of an ordinary electric fan over the surface. In all but the 
hottest days of the summer this method has proved most satisfactory. 
In any event, the rapid movement of a current of air over the outside 
surface of the chamber, either with or without the use of the damp 
cheesecloth, assists greatly in the temperature regulation. As will be 
seen later, however, the distribution and sensitivity of the thermometers 
are such as to compensate for considerable temperature change without 
affecting the measurements. 

Method of Recording the Pulse-raie. — ^An accurate record of the 
pulse-rate is of fundamental importance in all metabolism experiments. 
The usual method employed for such measurements, and the method 
which is used in the experiments with the clinical respiration ap- 
paratus, is for an observer to listen to the heart-beat through a 
Bowles stethoscope attached to the chest of the subject. Connection 
with the ear piece used by the observer is easily made without change 
in the air-content of the chamber, by means of one of the small tubes 
passing through the bottom of the apparatus. 

Methods of Testing the Apparatus, — The universal respiration ap- 
paratus and chamber just described, although extremely simple in prin- 
ciple, nevertheless has certain complexities. For experiments with pa- 
tients, therefore, it is necessary to test completely the feasibility of the 
apparatus for measuring or indicating the several factors. Tests for the 
efficiency of the absorbing vessels have already been described in con- 
nection with the detailed description of the universal respiration appa- 
ratus. Since this method of measuring the respiratory exchange involves 
a closed ventilating air circuit and depends upon the measurement of 
the amount of oxygen introduced, any leakage of air either into or 
out of the chamber would vitiate the whole experiment. It is, there- 
fore, of prime importance to know that the apparatus is absolutely air- 
tight so that when the cover is properly in place, no air can enter or 
leave the circulating air-current. Fortunately such tests are very readily 
made with this type of apparatus. 

Tests for Tightness, — It will be seen that the entire ventilation cur- 
rent is in a closed circuit, the tension-equalizer or spirometer allowing 
the volume to expand or contract according to the variations in tem- 
perature, pressure, or actual volume of air inside the system. By read- 
ing the millimeter scale over which the pointer on the spirometer bell 
passes, variations in the apparent volume of the air in the chamber 
may easily be noted. 

To test the tightness of the apparatus, the various parts are con- 
nected as in an experiment with a subject, and the ventilating air- 
current started. After the first few minutes, during which the air 
throughout the whole system will be attaining equilibrium, the bell on 
the spirometer should reach a constant level, and thereafter the volume 
of air should remain absolutely constant unless affected by changes in 
temperature or atmospheric pressure, these being indicated by the read- 
ings of the barometer and the several air thermometers. If the changes 
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in the position of the spirometer bell cannot be accounted for by tem- 
perature or barometric changes, there is obviously a leakage of air into 
or out of the system, usually the latter. This may be found by testing 
the universal respiration apparatus and the chamber separately. 

To test the efficiency of the universal respiration apparatus, espe- 
cially when trying to locate a leakage of air, a water manometer, con- 
sisting of two glass tubes connected at the bottom by a short bit of rub- 
ber tubing and attached to a suitable standard, is found advantageous. 
With this device the slightest leak in any individual portion of the 
apparatus can readily be detected by applying pressure with a bicycle 
pump. When the respiration apparatus has been properly installed, with 
accurately fitting rubber gaskets and connections, and suitable inspection 
is given from time to time, there is no occasion for leakage, and such 
an occurrence can invariably be ascribed to faulty technic. 

To find whether or not the defect is in the chamber, the two venti- 
lating pipes may be shut oflf, leaving the chamber connected only with 
the spirometer. Under ideal conditions, with no temperature or baromet- 
ric changes, the volume of the spirometer will remain constant for an 
indefinite length of time. To hasten the detection of a leak, one may 
place approximately 80 grams in weights upon the top of the spirometer 
bell and thus produce a slight pressure in the chamber. With the semi- 
circular window used in the earlier development of the chamber, leaks 
were occasionally found between the wax and the sheet of celluloid 
used for closure, but none were detected at any other point in the 
cover. In the first base constructed, a leak was found by pouring gaso- 
line into the base and noting where it escaped. The openings were so 
small that they could not be detected by the use of water, as it would 
not pass through them. Under ordinary conditions, if properly con- 
structed, the chamber remains absolutely tight indefinitely, but it is 
desirable to inspect occasionally the wax closure of the window. 

In tests for leakage, temperature and barometric changes are invari- 
ably to be expected, and hence it is necessary to compute the volume of 
the chamber and make corrections for these changes. The volume of the 
chamber may be found by simple computations based upon the dimen- 
sions of the chamber or by the chemical method of introducing a weighed 
amount of carbon dioxid from a small bottle of the liquefied gas and then 
computing the volume of the chamber from an analysis of the gas. For 
all practical purposes the method of computing the volume from the 
dimensions of the chamber is sufficiently accurate. 

In testing the respiration chamber, weights have been placed not 
only upon the top of the spirometer bell, but likewise on the counterpoise 
of the spirometer, so as to produce a negative pressure; indeed, tests 
have been made with weights in both positions. Even when there is an 
increased pressure inside the chamber there is no interchange of air 
between the enclosed volume in the chamber and the outside air, thus 
showing that, when properly constructed and tested, the apparatus is 
independent of external atmospheric conditions. 

In actual experimenting, the spirometer is connected in series with 
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the chamber and delicately coonterpoisedy so that the air in the cham- 
ber is practically under atmospheric pressare. Indeed, measurable dif- 
ferences between the pressare in the chamber and the atmospheric pres- 
sure are not detected save by the extremely delicate petroleum mancHneter. 

The significance of a leak should be especially emphasized, for if the 
volume is reduced by the loss of air out of the system, oxygen is added 
to take the place of the air thus lost. As the oxygen introduced is meas- 
ured by the meter and is considered as having been consumed by the sub- 
ject, it wUl be seen that such loss of air vitiates the accurate measure- 
ment of the oxygen consumption. Conversely, if air leaks into the s>'s- 
tem the amount of oxygen added and measured is too small. So far 
as the respiration chamber itself is concerned one may confidently state 
that, with proper construction, neither of these disadvantages may be 
expected. 

Control Tests. — Having tested separately the universal respiration 
apparatus and the respiration chamber, and having found them tight, 
it is necessary to demonstrate further the eflSciency of the apparatus for 
measuring the respiratory exchange, and particularly the respiratory 
quotient, by making a series of control tests. The control tests used 
for the clinical respiration apparatus are, in the main, of two types, 
either chemical tests in which definite quantities of alcohol or ether 
are burned inside the chamber, or physiological tests with animals 
either fasting or after surfeit feeding. 

Alcohol Check Tests, — The use of ethyl alcohol of known compo- 
sition for testing the accuracy of respiration chambers is of long stand- 
ing. The alcohol test may be used in two ways: When the respiratory 
quotient is alone of interest, alcohol may be burned in the chamber, 
and from the ratio between the carbon dioxid produced and the oxygen 
consumed, the accuracy of the apparatus for studying the respiratory 
quotient is determined. Thus the theoretical respiratory quotient of al- 
cohol is 0.667. In other words, for every liter of oxygen absorbed in 
the combustion o{ alcohol there should be produced 667 c.c. of carbon 
dioxid. In this type of test it is unnecessary to note the weight of alco- 
hol burned, as only the ratio between the oxygen and the carbon dioxid 
is desired. This test is made very rapidly, and if there is a leak in the 
chamber or an error in the oxygen introduction or in the absorption 
of carbon dioxid, the respiratory quotient of the alcohol will be distinctly 
affected. 

The second type of alcohol test includes the measurement of the 
amount of alcohol introduced. From the weight of alcohol used, to- 
gether with its specific gravity and percentage composition, the theoreti- 
cal value for the carbon dioxid produced and the oxygen consumed may 
then be computed, and these values in turn compared with those actually 
found by measurement with the respiration chamber. 

Determination of the Carbon-dioxid Production, — The determina- 
tion of the carbon-dioxid production by this apparatus is theoretically 
extremely simple, since it is based solely upon weighing the carbon- 
dioxid-absorbing vessels before and after the experimental period. That 
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the entire carbon-dioxid production of a man is thus found rests upon 
two assumptions: first, that the change in weight of the bottles is due 
solely to the carbon dioxid given off; and second, that the quantities of 
carbon dioxid remaining in the air inside the chamber are the same at 
the beginning and end of each period. 

In considering the first assumption we should emphasize the fact 
that the technic must be such as to make sure that the air is dried to 
the same degree before it enters the carbon-dioxid absorbers as it is 
when it leaves the following Williams bottle or water-absorber. Exten- 
sive experience in the laboratory work in the past has shown that 
errors of this nature are absent, with proper attention to the amount of 
water allowed to accumulate in the Williams bottle. 

With regard to the second assumption, namely, the constancy in 
the amount of carbon dioxid remaining in the air in the chamber, it 
will be seen that this depends in large measure upon the relationship 
between the carbon-dioxid production and the rate of ventilation of the 
chamber. With a normal ventilation of 35 to 45 liters per minute and 
with a regular carbon-dioxid production, repeated tests, based upon ac- 
curate analyses made in connection with control tests of this apparatus 
as well as of the bed calorimeter, show that the variations in the residual 
carbon-dioxid in the chamber are practically negligible. If, on the other 
hand, the subject is more or less restless and there are material diflfer- 
ences in the amount of carbon dioxid produced from hour to hour, resid- 
ual analyses are essential. Complicating the experimental procedure 
by residual analyses is, however, to be avoided, if possible. 

In a large majority of the experiments, the subject is in complete 
muscular repose, and comparison experiments should be made only 
under these conditions. With the subject in complete muscular repose, 
there is but little variation in the metabolism from hour to hour, and 
the assumption that the residual carbon dioxid remains constant holds 
true. Accordingly, if there are changes in the residual carbon-dioxid, 
these are occasioned by such muscular activity as would exclude com- 
pletely the use of the results for any practical purpose. 

It is perhaps especially fortunate, however, that so far as the deter- 
mination of the respiratory quotient is concerned, material variations in 
residual carbon-dioxid are essentially without effect. If, for example, 
there is an increment of one-half liter of carbon dioxid inside the cham- 
ber during the experimental period, obviously the absorption of carbon 
dioxid in the soda-lime bottles will be one-half liter too small. On the 
other hand, the space occupied by the additional carbon dioxid in the 
chamber would normally have been filled by the admission of one-half 
liter of oxygen, and hence there is a similar deficit of one-half liter in the 
oxygen measured, the two errors essentially compensating. For all prac- 
tical purposes, therefore, the measurements of the residual carbon dioxid 
may be entirely neglected without sacrificing in any way the accuracy 
in determining the respiratory quotient, even if complete muscular repose 
is not secured. 

Determination of the Oxygen Consumption. — ^While the determination 
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of the carbon-dioxid production is Tery simple in theory and reason- 
ably simple in practice, the determination of the oxygen consumption 
requires a much more complex procedure. Theoretically, nothing is 
simpler than measuring the ox>'gen admitted to the chamber as the sub- 
ject lies breathing normally, but practically the criterion of the amount 
of oxygen admitted is the position at which the spirometer bell remains. 
Thus at the end of an experimental period the aim is to have the 
same apparent volume inside the chamber as at the beginning of the 
period, but even though the apparent volume remains constant, there 
are several factors which influence this volume. Those of temperature 
and pressure are obvious, but correction can readily be made for them 
from the temperature readings and accurate barometer readings pro- 
vided for. It has already been pointed out in the preceding section 
that any changes in the carbon-dioxid residual in the chamber reduces 
the oxygen admitted, but it is important to note that even this sub- 
stitution of carbon dioxid for oxygen is without material effect upon 
the respirator^' quotient. We have also to consider the possible varia- 
tions in the measurement of the tension of aqueous vapor inside the 
chamber. 

Measturement of the Tension of Aqueous Vapor. — The volume occu- 
pied by the water-vapor inside the chamber may fluctuate with the 
changes in temperature and, indeed, with any changes in the amount 
of water vaporized from the lungs and skin of the subject, even during 
repose. These variations are not best expressed in cubic centimeters of 
water-vapor inside the chamber, but, for the purposes of computation, 
they are more advantageously designated as tension of aqueous vapor in 
millimeters of mercury, the amount of this tension being deducted 
from the observed readings of the barometer. Instead of determining 
the tension of aqueous vapor by the gravimetric method, i.e., by absorb- 
ing water vapor in U-tubes containing sulphuric acid, we depend 
upon an accurate psychrometer comprised of wet and dry bulb ther- 
mometers, graduated in 0.1 degrees C. and capable of being read with a 
lens to 0.01 degree C. By means of the small blower suspended on the 
inner side of the cover of the chamber, the air is blown with considerable 
velocity directly over the bulbs of the thermometers. The degree of de- 
pression of the temperature of the wet bulb over that of the dry bulb is 
carefully noted and then, from standard psychrometric tables, the tension 
of aqueous vapor is computed. 

The validity of this method of measuring the water-vapor was tested 
in several ways: flrst by introducing a second wet and dry bulb psy- 
chrometer in the main ventilating air-current as it left the chamber; 
and flnally by removing definite volumes of air and passing them over 
U-tubes containing sulphuric acid and pumice stone. While it 
was obviously impossible to secure absolutely the same degree of hu- 
midity at each point of measurement, nevertheless, when fluctuations 
occurred, the curves were all parallel and showed that the psy- 
chrometer, as installed, gave accurate results. Before each experiment 
the wet-bulb thermometer was removed and thoroughly drenched with 
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distilled water with which its reservoir was filled. Under these condi- 
tions most satisfactory results were obtained. 

Temperature Measurements. — ^While theoretically an electrical re- 
sistance thermometer with a series of coils distributed in various parts 
of the cover would be ideal, tests made with a large number of accurate 
thermometers placed at different points in the chamber showed that 
average temperature conditions could be obtained by reading the tem- 
perature recorded by the thermometers. Even with the subject lying 
inside the chamber, when the small blower on the interior wall was run- 
ning at a moderate speed, the temperature conditions throughout the 
chamber, as indicated by the thermometers suspended at different points, 
seemed to be constant. We have in one case the warm body surface of the 
subject, which has a temperature of approximately 32° C, and in the 
other the copper cover, which is in immediate contact with the room 
air and has a temperature of not far from 20° C. Since, in many in- 
stances, local cooling on the surface of the chamber is necessary, this 
extraneous temperature may be as low as 18° or even 17° C. In spite 
of these measurable diflPerences in temperature at diflPerent points of 
the apparatus, all of the thermometer readings showed essentially the 
same curves for temperature fluctuations and proved that the average 
temperature changes in the chamber from the beginning to the end of 
the period were accurately given with the four thermometers noted ; 
supplementary thermometers did not in any way alter the values of 
these differences. 

From a rough calculation it can be seen that since the chamber has 
a capacity of approximately 550 liters, a difference of 1° C. would cor- 
respond to an increase in the volume of about 2 liters. As the tem- 
peratures are read and the differences computed to 0.01° C, we may 
therefore assume that the average error for temperature variations is 
probably not far from 20 to 30 c.c. of air. This, of course, applies directly 
to the measurement of the oxygen consumed, and is a recognized error 
in the measurement of this factor. On the other hand, when an ex- 
perimental period continues for 30 minutes, which is at present the 
minimum length, this probable error amounts to but 1 c.c. per minute, 
or about 0.5 per cent, of the total oxygen consumption. 

Measurement of Barometric Pressure. — By the same method of com- 
putation as that outlined in the preceding paragraph, it can be seen 
that each millimeter change in the barometer corresponds to approxi- 
mately 700 c.c of air. Accordingly barometric measurements should be 
made with the very greatest care, preferably to 0.05 millimeter, this 
corresponding to an error of approximately ± 35 c.c. for each individual 
period. Obviously the temperature of the barometer with the correc- 
tion, therefore, is recorded each time, and from the barometer readings is 
deducted the value for the tension of aqueous vapor obtained from the 
readings of the psychrometer as computed from the psychrometric 
tables. 

Summary of Errors in the Measurement of the Oxygen Consump- 
tion. — The measurement of the oxygen consumption is, therefore, sub- 
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ject to the following errors : errors due to the variations in the residual 
amounts of carbon dioxid in the chamber at the end of the period; 
errors due to changes in the iemperature and the barometer ; and errors 
in the determination of the tension of aqueous vapor. 

As we have already seen, the errors due to variations in the residual 
amounts of carbon dioxid in the chamber are negligible and play no 
role in the computation of the respiratory quotient, our main objective. 
The barometer can be read to 0.05 mm. ; taking into account the volume 
of the chamber (350 liters), this error of reading will correspond to a 
possible error of ±: 35 c.c. in the measurement of the oxygen. The 
thermometers are read and recorded to 0.01° C. as the average of the 
several thermcmieterSy the possible variation corresponding to a like 
variation in the oxygen measurement of d: 20 to d: 30 c.c. Finally the 
psychrometer is also read to 0.01° C, and with the best psychrometric 
tables we are assured of an accuracy of but 0.05 mm., giving us still 
another possible error of ±. 35 c.c. Should a plus error occur in all 
three factors, namely, the readings of the barometer, thermcmieters, 
and psychrometer, a maximum error of not far from 100 c.c. in the 
measurement of the oxygen consumption for the period would-be con- 
ceivable. It is obvious that in actual practice there will be the usual 
compensation. 

It will, therefore, be seen that the longer the experimental period 
and the greater the amount of oxygen under consideration, the less will 
be the influence of these errors upon the measurement of the oxygen 
consumption. And yet, as has been frequently demonstrated with a 
subject in complete muscular repose, remarkably regular metabolism 
measurements — ^including not only the measurement of the carbon-dioxid 
production and the oxygen consumption, but likewise the determina- 
tion of the respiratory quotient — ^may be obtained in one-half hour 
periods. We may fairly say, therefore, that with a quiet subject results 
obtained in half-hour periods are perfectly reliable. 

Routine of an Experiment, — The subject should be lying upon the 
bed of the respiration chamber not less than ten minutes before the 
cover is put in place. This is especially necessary if the subject has 
been unusually active or has walked about considerably prior to the 
experiment. The stethoscope should be attached and records of the 
pulse-rate begun immediately, as the best index of the quiet condition 
of the subject is the pulse-rate, which should have practically reached 
a level before the experiment is begun. The ideal condition for a sub- 
ject is complete relaxation and muscular repose, with a minimum, 
regular pulse-rate. The subject may lie either on his back or his 
side as, in this type of apparatus, a fixed position of the head is not 
necessary. Inasmuch as there is always a slight warming of the ven- 
tilating blower inside the chamber, due to the passage of the electric 
current through it, the blower should be started as soon as prepara- 
tions are begun for the experiment, as the longer the blower runs before 
the experiment begins, the better will be the results obtained. The 
subject should be fully dressed, including stockings and shoes ; in addi- 
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tion, a pair of woolen socks should be drawn over the shoes, for it has 
been the experience of most subjects that if any discomfort is felt it 
is from a sensation of coolness about the feet, ankles, and the lower part 
of the legs. This is due to the fact that the air inside the chamber is 
always moderat^y dry, i.e., with a relative humidity of about 60 per 
cent., and is kept in rapid circulation by the fan blower. The sensi- 
tivity of the movable bed may be determined either by pressure with 
the hand or, more accurately, by dropping a known weight from a cer- 
tain height upon the bed and noting the amplitude of the marking upon 
the kymograph record. After the soda-lime bottles and the Williams 
bottles have been examined to make sure that they have not become ex- 
hausted or will not become exhausted before the experiment is over, 
the cover is lowered with the hand-hole open. It has been found prac- 
tical to suspend the cover with two cords running through pulleys and 
to counterpoise it in part, to assist in lowering it into place. When 
the cover is in position, the counterpoise weight is removed so that the 
cover rests solidly in the water seal on the base of the chamber; the 
cover of the hand-hole is then put into place. 

As it requires some time for the atmospheric conditions inside the 
chamber to become constant, it has been found advantageous to delay 
starting the ventilation throughout the air-circuit for approximately 15 
minutes. During this time the carbon dioxid accumulates inside the 
chamber until it amounts to approximately 0.3 to 0.4 per cent, of the 
volume of air. The moisture likewise accumulates to some extent. At 
the end of 15 minutes the rotary blower is set in motion and the air- 
current begins to circulate. The several thermometers and the psy- 
chrometer are then read. The temperature of the room should be ad- 
justed by opening the doors or windows, so as to establish temperature 
equilibrium as soon as possible, for with a quiet, resting person the 
difference between the temperature of the room and that in the cham- 
ber is approximately 3*^ C. As soon as temperature equilibrium has 
been obtained — and this is usually inside of 15 or 20 minutes after the 
ventilation has been started — temperature readings are taken, a simul< 
taneous reading of the barometer is made, and the position of the spi- 
rometer bell is accurately recorded. The valves are then turned. 

While the spirometer is so counterpoised as to give in one position, 
it is not an exact counterpoise, and slight differences occur. It is de- 
sirable, therefore, for the operator, while reading the position of the 
spirometer bell, to hold the counterpoise of the spirometer lightly in the 
hand in such a manner that the petroleum in the manometer registers 
exactly at the time that the spirometer is read. If this adjustment 
is made at the end of each period, the slight differences in the position 
of the spirometer bell are compensated. From the average temperature 
readings, the barometer readings and the record of the position of the 
spirometer bell, the apparent and real volume of the chamber can be 
computed, the weight of the subject being taken into consideration, and 
due allowance made for the displacement of air by the body of the 
subject. 



230 FUNCTIONAL DIAGNOSIS 

During the entire time the motor is running, carbon dioxid is being 
removed from the chamber in both the preliminary period and the main 
experimental period. This removal of the carbon dioxid causes a 
diminution in the volume of air in the chamber. In the preliminary 
period this may be compensated by an increase in the temperature 
and the spirometer bell will thus remain in essentially the same position 
as at the beginning or, as is usual, oxygen is introduced to maintain 
the spirometer bell in a median position. It should be noted, however, 
that no measurement of the oxygen introduced during the preliminary 
period is necessary, as only the amount added during the actual experi- 
mental period to maintain the spirometer bell at or about its original 
position is of importance. The amount of air residual in the chamber 
at the end of each period, as determined by. the measurements of the 
temperature, the barometer, the psychrometer and the actual height of 
the spirometer bell, is taken into consideration in the final computations. 
The manipulation of the universal respiration apparatus has been so 
frequently and fully discussed that it seems unnecessary to give further 
details here. 

The length of the experimental periods may vary considerably. 
Theoretically the longer the experimental period, the more reliable will 
be the results, for all errors in the readings of the thermometers and 
the barometer are minimized when extended over a long period. Prac- 
tically, however, it is very desirable, especially with subjects in the 
postabsorptive condition, i.e., without food, to shorten the experimental 
periods as much as possible. Our observers have proved repeatedly 
that with quiet subjects, especially when they are asleep, determina- 
tions with a high degree of accuracy can be made in one-half-hour 
periods. In a large number of cases, after a preliminary period of 
35 to 40 minutes, it is possible to secure three successive one-half-hour 
periods with the greatest uniformity in results. If the subjects are 
restless — and particularly if the restlessness occurs toward the end 
of the experimental period — ^the temperature and moisture are 
materially affected, and the experimental periods must, in consequence, 
be extended. While it is always a question whether it is advisable to 
attempt any observations with patients as restless and conditions as 
disturbed as in such cases, yet as a rule patients, as well as normal 
individuals, almost always become drowsy during an experiment and 
are inclined to fall asleep. The air inside the chamber is constantly in 
motion, the atmosphere is cool and pleasant, there is no odor, and the 
psychical conditions are, in general, most beneficial and satisfactory. 
Benedict has recently described a new form of portable respiration 
apparatus for clinical use. Pearce has also described a clinical method 
for determining the respiratory exchange.^^ 

6. The AcETONiTRm Test of Reh) Hunt fob HYPERTHYRoroiSM. — 
Reid Hunt ^® found that mice, when fed upon thyroid gland, developed 
an increased resistance to acetonitril or methyl cyanid (CHjCN). 
This substance is toxic, chiefly on account of slowly liberating hydro- 
cyanic acid in the body. Hunt found that this reaction was specific 
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for thyroid and more delicate than any chemical test, and on this 
basis suggested this increased resistance to acetonitril as a delicate test 
for thyroid substance and as a means of determining whether there is 
an increased amount of thyroid secretion in the blood in cases of 
hyperthyroidism. 

He applied the test to three cases of hyperthyroidism. The blood 
in one of these cases had a marked effect in increasing the resistance 
of mice to acetonitril, indicating an excess of thyroid secretion. The 
second case was doubtful, and the third negative. 

The test is carried out by giving to mice 1 or 2 c.c. of blood made 
up with meal in the form of cakes, for 9 or 10 days before testing with 
acetonitril, using controls. One-fourth mg. of acetonitril per gram of 
body weight of mouse may be fatal to a normal animal in a few hours. 

Hunt's findings have been corroborated by Trendelenburg ^' and 
Ghedeni.^^ Trendelenburg and also Lussky ^^ claim that the blood of 
cats gives the test, even after removal of the thyroids. 

This method has not been sufficiently tested as yet to be used clinic- 
ally. A complicating factor is the variations in the natural resistance of 
animals and the possible variations in the amount of thyroid in the 
blood under normal conditions. 

7. The Epinephrin Mydm^vsis Test op Loewi for Hypebthyroh)- 
ISM. — ^Loewi found in pancreatectomized animals, in human diabetes, 
and in cases of hyperthyroidism that the instillation of 1 : 1,000 solu- 
tion of epinephrin produced a dilatation of the pupil. He proposed 
this procedure as a test for hyperthjrroidism, and claimed that the 
internal secretion of the thyroid and suprarenal are synergistic, both 
acting by stimulating the sympathetic nervous system; therefore, in 
cases of hyperthyroidism the sympathetic system is in a state of in- 
creased irritability and the dilator fibers of the iris governed by the 
sympathetic respond abnormally to the action of epinephrin. Palta 
and Zak have corroborated this finding. Eppinger, Palta, and Rudinger 
found an increased epinephrin mydriasis in dogs fed on thyroid, and 
Eppinger and Hess reported the test positive in cases of hyper- 
thyroidism. De Laet has also studied this test.'* 

8. The Skin Reaction op Goetsch for Hyperthyroidism.** — In 
this test 8 minims of a 1 : 1,000 solution of epinephrin are diluted with 
an equal quantity of sterile water and injected hypodermically into 
the arm. There is formed at once an area of blanching around the 
point of injection, and about the margin of this usually a red areola 
gradually shading off into the surrounding tissue. In about half an 
hour the center of the white area becomes bluish-gray to lavender, and 
at the end of about a half hour to two hours the red areola takes on 
the bluish or lavender color, while that in the center disappears. This 
lavender areola remains for about four hours from the time of injection 
and is the most characteristic part of the test. Accompanying the 
local reaction there may be an increase in pulse-rate, with palpitation 
of the heart and an exaggeration of the tremor and nervous symptoms 
in general. 
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Teste for Hypotbyroidisin. — Therapeutic Test fob Htpothyroid- 
ISM. — The diagnosis of a state of hypothyroidism is easy in typical eases, 
but the latent cases present a more difBcult problem. The therapeutic 
test at present is the only one available and consists in the adminis- 
tration of thjrroid extract. It is best carried out by giving tablets of 
desiccated thyroid gland, containing 1% to 5 grains of the gland. The 
dose is given three times a day, and gradually increased, care being 
taken not to produce tachycardia, sweating, diarrhea, or nervousness, 
which are signs of intolerance. If the case is one of hypothyroidism, 
the symptoms will disappear or show improvement in about two weeks. 

PrruTTABY Body 

Teste for HyperpitnitarisnL — ^1. Diagnosis of Hyperpituitarism 
BY Means op the Increased Gas Exchanges. — The respiratory ex- 
changes in cases of acromegaly have been studied by Magnus-Levy, 
Salomon, Bernstein and Falta. Falta claims that the cases so far studied 
do not show a consistent increase in gas exchanges in acromegaly as is 
the case in hyperthyroidism. Magnus-Levy, Salomon and Falta all 
agree that if the hyperpituitarism is uncomplicated by disorder of other 
glands of internal secretion (as thyroid) there is no increase in the 
gas exchanges. 

2. Demonstration op Spontaneous and Alimentary Glycosuria 
as a Test for HYPBRprnnTARiSM. — ^Marie, who first described that condi- 
tion of hyperpituitarism called acromegaly, showed that it is often ac- 
companied by temporary or permanent glycosuria. Borchard, in an 
analysis of 176 cases, found spontaneous glycosuria reported in 63 and 
alimentary glycosuria in 8. In Falta 's 8 cases there was spontaneous or 
alimentary glycosuria in 5. 

The test for provocative -alimentary glycosuria is carried out as de- 
scribed under functional diagnosis of diseases of the liver, page 94. 
The glucose test has been most frequently used in testing the tolerance 
for carbohydrates in cases of suspected hyperpituitarism. 

Teste for Hypopituitarism.— In the functional diagnosis of hypo- 
pituitarism the opposite condition in relation to gas exchanges and 
glycosuria obtains, as compared with hyperpituitarism. In hypopitui- 
tarism the same tests are applied as for hyperpituitarism. The results 
are the opposite, i.e., the gas exchanges will be diminished, and glyco- 
suria — spontaneous and alimentary — ^will be negative. 

Adrenal Glands 

Tests for Hypo-adrenalism.— 1. Sergent's White Adrenal Line 
AS a Test for Adrenal Insufficiency. — Emil Sergent " has described 
this vasomotor phenomena as a test of adrenal insufficiency. He selects 
the skin of the abdomen, and traces on it a geometrical figure — a 
rectangle, triangle or cross— thus doing away with possible confusion 
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with lines caused by folds of the skin, etc. The rounded end of a fountain 
pen is a good instrument for tracing the figure. The figure should be 
made by a simple superficial stroking ; one must not bear down or scratch 
the abdomen. The motion should be deliberate and not rapid. Sergent 
claims that a too early appearance of an outline is always a sign of 
clumsiness, as such treatment strikes and suppresses the vasomotors, 
thus interfering with the reaction. 

When the tracing has been made, all movement on the part of the 
patient is prohibited. After half a minute a pale line or band begins 
to be noticed, following the course of the pen. Gradually this becomes 
more and more distinct and white, at the same time becoming larger, 
so that eventually the line exceeds in size the actual area touched by 
the pen. This white line attains its maximum clearness in the course 
of about one minute, and persists for one, two or even three minutes 
before being gradually obliterated. This constitutes the reaction in well- 
defined cases of adrenal insufficiency. Sergent finds the lighting plays 
an important part in the technic, as in bright daylight or sunlight, or 
even in bright electric light, it is sometimes difiicult to see the white 
line. For this reason, after making the tracing, the sheet or clothing 
should be drawn in such a way as to cast a light shadow. On account 
of the influence of the presence of clothing and such, before making 
the test, the patient should be put at rest for at least 15 minutes with 
the abdomen free and but lightly covered. 

Sergent considers his so-called **ligne blanche surrenale" as due to 
the hypotension brought about by the hypo-adrenia. It is known in 
arterial hypotension that there is present a peripheral vasodilatation; 
when a slight stimulation of the skin is produced, vasoconstriction re- 
places the vasodilatation, with the resulting white line. 

Massalongo *^ has studied the reaction produced, not by scratching 
the skin with the nail, but by rubbing it lightly with the finger tip or 
some blunt rounded instrument. Out of 400 cases of various diseases 
he found the white line in an unequivocal form in 30 cases, and even 
then often in a transitory and irregular manner ; and of these, 22 were 
cases of typhoid and paratyphoid fever, which constituted 120 of the 
whole number. His observations led him to the conclusion that diminu- 
tion of the angiotonic function and cardiotonic power may exist with- 
out the presence of the white line and of other symptoms of suprarenal 
inadequacy, and that arterial hypotension, asthenia, and collapse are 
not the exclusive function of this inadequacy, since they occur in the 
course of acute infective diseases independently of it. He found the 
presence of the line always associated with arterial hypotension and 
frequently with other symptoms attributable to suprarenal derangement, 
which, on the other hand, may exist without its presence. Hence by its 
rarity, inconstancy, and transiency, by its presence or absence 
in equal proportion in cases where changes in the suprarenal capsules 
were indisputable, the white line can only be credited with a relative 
diagnostic importance and significance and cannot be considered as 
pathognomonic. It has, however, some value from a prognostic point of 
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view, since its maximum frequency is met with in cases of serious im- 
port, with almost invariably a fatal issue. 

2. Test for Hypo-adrenal Function by Means of Increased Sugar 
TOLER.VNCE. — It was shown by Eppinger,Falta and Rudinger *® that cases 
of Addison's disease (hypo-adrenalism) had an increased tolerance for 
sugar. Polak ^^ found that 2 mg. doses of epinephrin did not produce 
glycosuria in a case of Addison's disease, while it did so in normal per- 
sons. On these findings this method for determining the presence of 
hypo-adrenalism has been developed. 

The methods for determining the sugar tolerance may be found on 
page 94, in the section on Liver Function Tests. 

Tests for Hyperadrenalism. — 1. The Deviation of Complement 
AS Applied to Diagnosis of Hyperadrenalism. — The complement-fixa- 
tion test has been applied by Polito and Corelli^® to the diagnosis of 
hyperfunction of the suprarenal glands, using an alcoholic extract 
of the suprarenal gland as an antigen. Their results were not con- 
clusive. 

2. The Ehrmann-Meltzer Reaction as a Test for Hyperadre- 
NALISM. — Meltzer and Auer,*® Wessely,*® and others found that when 
epinephrin is applied to the frog's eye dilatation of the pupil is pro- 
duced. Ehrmann *^ suggested this reaction as a test for epinephrin. He 
found it acted upon the dilator fibers of the iris in a strength of 1 to 
20,000,000. Recent investigations have shown that other substances than 
epinephrin, contained in blood-serum, will produce the same reaction. 
For this reason the reliability of this test has been questioned. 

3. Tests for Hyperadrenalism by Means op Sugar Content op 
THE Blood. — It is well known that a hyperglycemia is present in cases 
of hyperadrenalism. Therefore, the presence of an excess of sugar in 
the blood, provided that other causes of hyperglycemia can be excluded, 
is suggestive of hyperadrenalism. It is also known that in cases of 
hyperadrenalism that the subcutaneous injection of 1 or 2 milligrams 
of epinephrin is followed in one-half to two hours by a glycosuria last- 
ing three hours and accompanied by a hyperglycemia. 

During the past few years several methods have been published that 
are applicable for the clinical estimation of sugar in blood. We shall 
describe the Bang method, the Lewis-Benedict method, and the Epstein 
method. 

(a) Micromethod of Bang far Estimation of Sugar in Blood. — Prin- 
ciple. — Two or three drops of blood are transferred to a small, weighed 
piece of blotting paper, and the paper again weighed to determine the 
amount of blood. The paper is then treated with boiling acidified KCl 
solution, which coagulates the protein and allows the sugar to diffuse 
out. The sugar solution thus obtained is boiled with alkaline cupric 
chlorid solution. The amount of cuprous chlorid formed by the reduc- 
ing action of the sugar is determined by titration with standard iodin 
solution. 

Procedure, — Small pieces of good absorbent paper, about 16x28 
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mm. in size,* weighing about 100 mg. and held by a small spring clip, 
are used. To one of these previously weighed •• pieces of paper transfer 
2-3 drops (about 120 mg.) of blood obtained by piercing the cleansed 
finger. Weigh again immediately and determine by subtraction the 
weight of the blood taken. 

Coagulation of Blood-protein. — Transfer the piece of paper to a test- 
tube and add 6.5 c.c. of boiling acid-potassium chlorid solution t and 
let stand half an hour. The clear solution containing the sugar is poured 
into a 50 c.c. Jena flask, the flange of which has been removed. Wash 
the paper and tube again with 6.5 c.c. of hot salt solution and transfer 
washings to the flask. Cool. 

Reduction of Cupric Chlorid. — ^Attach to the mouth of the flask a 
piece of tight-fitting rubber tubing about 2 inches long, provided with 
a clamp which permits of shutting oflf the contents of the flask from 
the outside air. Now add to the flask 1 c.c. of the cupric chlorid solu- 
tion.? Heat so that the solution is brought to a boil in 1 minute and 
30 seconds (an error of 5 seconds may be disregarded). Allow to boil 
for exactly 2 minutes. At th? end of this time tighten the clamp over 
the mouth of the flask; at the same time remove from the flame and 
cool at once under the tap for about a minute. 

Titration of Cuprous Chlorid Formed. — The titration is made with 
N/200 iodin solution§ run in from a very accurate buret (preferably 
a 2 c.c. buret graduated in 1/50 c.c). Two or three drops of starch 
solution (preferably soluble starch tt are added as an indicator. Dur- 
ing the titration air must be excluded to prevent reoxidation. This is 
done by running a slow stream of carbon dioxid from a generating bot- 
tle through a small tube which extends nearly to the bottom of the 
flask. The titration should be carried out against a white background 
and the cod point taken when the blue color persists for 20-30 seconds. 

Calculation. — The copper and other solutions used in the test bind 
about 0.12 c.c. of the iodin solution. This amount must hence be sub- 
tracted from the reading. The corrected reading is then divided by 4 
to obtain the number of milligrams of glucose in the sample. 

• Suitable pieces of paper, weighed, ready for use, and with clip attached, are 
purchasable. Unless specially prepared, the paper should be repeatedly washed with 
large volumes of hot water, acidified with acetic acid to remove impurities. 

** The weighing is preferably made on a special torsion microoalance which, as 
well as the other apparatus used in this method, may be obtained from either of 
the firms mentioned in the preceding footnote. The weighing must be done in a few 
seconds and with an accuracy of about 1 m^. 

fConsistinj^ of 1,360 c.c. of saturated KCl, to which is added 640 c.c. of water 
and 1.5 c.c. of 25 per cent HCl. 

:^ Copper solution. Introduce into a 1,000 c.c. flask 700 c.c. of boiled and cooled 
water. Warm to about 30*^ C. and add 160 grams of pure potassium bicarbonate 
in powder form. When dissolved, add 66 grams of pure KCl. Cool and then 
add 100 grams potassium carbonate. Finally add 100 c.c. of 4.4 per cent, solution 
of pure crystalline copper sulphate. Let stand a short time, then bring to the mark 
with boiled water. Allow to stand a day or so before using. 

§ N/200 I solution, made fresh each day. Dilute N/10 I solution 20 times, or 
make as follows: Introduce into a 100 c.c. flask 2 grams KI, 1-2 c.c. of 2 per cent. 
KIO, solution and 5 c.c. of N/10 HCl. Bring to the mark with boiled and cooled 
distilled water. 

ft A 1 per cent, solution of Kahlbaum's soluble starch in a saturated KCl solution. 
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68—0 12 
Example.— It 0.68 c.c. of N/200 I solution were required,-^^ — — ^— = 

0.14 mg. glucose in the amount of blood used. If 140 mg. of blood 
were taJien for analysis the per cent, of glucose in the blood would be 

1000^,^^. 

-—-• X 0.14 mg. = 0.1 per cent, glucose. 

The results obtained by this method are a little higher than those 
obtained by other reliable methods due to the presence of certain 
I-binding substances in blood. As these appear to be nearly constant 
in amount, a correction may be applied. To obtain true value for glucose 
of the blood, therefore, 0.015 per cent, should be subtracted from the 
value obtained as above : 0.1 per cent. — 0.015 per cent. = 0.085 per 
cent, glucose. 

To secure accurate results the method of Bang must be rigidly con- 
trolled, all new solutions and absorbent papers being checked up against 
pure 0.2 per cent, glucose solutions. Taylor and Hulton ** also suggest 
the following precautions : A blank check must be made on the reagents 
each day an estimation is made. 0.010-0.15 gram of blood should be 
taken and must spread smoothly on the paper. The proteins are best 
coagulated by heating the blood-impregnated papers in the hot air 
oven at 100° C. (as recommended by Gardner and McLean**) for 5 
minutes with the corks of flasks inverted. The solution should be boiled 
4 minutes for complete reduction. The iodin solution must be fresh 
daily and checked each day. Determinations should be made in tripli- 
cate. Results cannot be depended upon to be more accurate than 
to 0.005 gram glucose in 100 c.c. blood. Other authors have recom- 
mended that an hour instead of half an hour be allowed for the diffusion 
of the blood sugar, the fluid being brought to the boiling point twice 
during this period or kept in a bath at 40° C. * 

(6) Lewis-Benedict Method ** of Estimation of Sugar in the Blood. — 
Principle. — The red color obtained by heating a glucose solution with 
picric acid and sodium carbonate is employed as the basis of the colori- 
metric determination. The blood protein is removed by precipitation 
with picric acid. 

Procedure. — Two c.c. of blood are aspirated through a hypodermic 
needle • and a piece of rubber tubing into an Ostwald pipet, a little 
powdered potassium oxalate in the tip of the pipet preventing clotting. 
The blood is drawn up a little above the mark and the end of the pipet 
is closed with the flnger. After the rubber tubing and needle are dis- 
connected, the blood is allowed to flow back to the mark and is dis- 
charged at once into a 25 c.c. volumetric flask containing 5 c.c. of water. 
The contents of the flask are shaken to insure thorough mixing and 
the consequent hemolysis of the blood. Then 15 c.c. of saturated aqueous 
solution of picric acid are added, as well as a drop or two of alcohol 
to dispel any foam, and the contents of the flask are brought up to the 

* It may be more convenient to draw about 5 c.c. of blood directly into a test- 
tube containing a little finely powdered potassium oxalate and to remove 2 c.c. por- 
tions of this with the Ostwald pipet. 
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mark with water and then shaken. After filtration, 8 c.c. aliquots are 
measured out into large Jena test-tubes for duplicate determinations. 
Two c.c. of saturated picric acid and exactly 1 c.c. of 10 per cent, sodium 
carbonate are added (as well as two glass beads and 2 or 3 drops of 
mineral oil), and the contents of the tube are evaporated rapidly over 
a direct flame until precipitation occurs. About 3 c.c. of water are 
added ; the tube is again heated to boiling to dissolve the precipitate ; 
the contents of the tube are transferred quantitatively to a 10 c.c. 
volumetric flask,* cooled, brought up to the mark, shaken, and then 
filtered through cotton into the chamber of a Duboscq colorimeter. The 
color is compared at once with that obtained from 0.64 mg. of glucose, 
5 c.c. of saturated picric acid, and 1 c.c. of 19 per cent, sodium carbonate, 
when evaporated to precipitation over a free flame and diluted to 10 c.c. 
as was the unknown, or with the picramic acid standard mentioned 
below.** 

CalctUatian. — ^If directions are followed exactly the calculation is as 
follows: 

•,.„. 1 , reading of standard ., .„. 

Milligrams glucose in unknown = 7:—^ — ■= ; X muhgrams 

reading of unknown 

of glucose in standard. 

(c) Pearce's Modification of Lewis-Benedict Method.^^ — ^This modifi- 
cation entails the use of an autoclave instead of the free flame and has 
the advantages of decreasing danger of loss and making it possible to 
carry out a large number of estimations at one time. Proceed exactly 
as in the Lewis-Benedict, but use 6 c.c. of the picric acid filtrate instead 
of 8 c.c, and instead of heating over the free flame introduce into an 
autoclave for 15-30 minutes at about 20 pounds pressure to the square 
inch. Compare with standard in a colorimeter. The standard recom- 
mended by Lewis and Benedict may be diluted one-fourth or the dif- 
ference allowed for, since 6 c.c. of filtrate are used in place of 8 c.c. 

(d) Epstein Method of Estimation of Sugar in the Blood. — Princi- 
ple. — This method** is a modification of the Lewis and Benedict pro- 
cedure, being based on the same principle but making possible the 
determination of reducing sugar in finger blood (0.1-0.2 c.c.) with a 
sufficient degree of accuracy for clinical purposes, and with little ex- 

* In ease of hyperglycemia the final volume of the reaction fluid is made 25 c.c. 
or 50 c.c, and the results are accordingly multiplied by 2.5 or 5.0. 

*• Permanent Standard, — A solution of picramic acid makes a very satisfactory 
permanent standard. The color is identical in quality with that formed in the 
method above and its solution keeps perfectly. The formula of the permanent 
standard is: 

Picramic acid 0.064 gram 

Sodium carbonate (anhydrous) 0.100 gram 

Water to make 1000.0 c.c. 

Dissolve the picramic acid with the aid of heat in 25 to 50 c.c. of distilled water 
which has been made alkaline with sodium carbonate. Cool and dilute to 1 liter. 
This solution has the same intensity of color as that obtained by the proposed method 
with 0.64 mg. of sugar, when the final volume of the reaction fluid is made 10 ce. 
The solution should be standardized against pure glucose. 
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penditure of time. Instead of a Duboscq colorimeter the less expensive 
Sahli-Gower hemoglobin colorimeter or Kiittner colorimeter is recom- 
mended. 

Procedure. — The apparatus • and the following reagents are neces- 
sary: 

1. Picric acid, saturated solution. 

2. Sodium carbonate, 10 per cent, solution. 

3. Sodium fluorid or potassium oxalate, 2 per cent, solution. 

Put 1 or 2 drops of the fluorid or oxalate solution into the gradu- 
ated test-tube. By means of the blood pipet 0.2 c.c. of blood is ob- 
tained from the tip of the finger or the lobe of the ear and is discharged 
into the tube containing the fluorid solution. The pipet is rinsed 2 or 3 
times with distilled water and the washings added to the blood in the 
tube. Distilled water is then added to the 1.0 c.c. mark. After laking 
of the blood has taken place, picric acid is added to this (a few drops 
at a time) up to the 2.5 c.c. mark, the tube being gently shaken on each 
addition of the acid. Precipitation of the blood-proteins takes place; 
the sugar, together with an excess of picric acid sufficient for the re- 
action, stays in solution. The tube is finally shaken vigorously (the end 
of the tube being covered with the finger) and the contents filtered 
through a small filter, or, better still, centrifuged for 1 or 2 minutes. 

One c.c. of the filtrate or the clear supernatant fluid obtained on 
centrifugalization is withdrawn, put into the plain test-tube, and heated 
carefully over the naked flame. The contents of the tube are boiled 
until all but 2 or 3 drops of the solution is evaporated. One-half c.c. 
of the 10 per cent, sodium carbonate solution is then added and the 
tube heated again until the contents are concentrated to a small volume 
equal to about 2 or 3 drops. The color of the fluid changes from yellow 
to deep red or reddish-brown and the reaction is completed. 

Three or four drops of distilled water are added and the tube warmed 
gently. The contents are then transferred to the graduated tube of 
the hemoglobinometer. The boiling tube is rinsed several times with 
water (only 3 or 4 drops at a time being used) . The tube is warmed with 
each rinsing before transferring of the contents to the graduated tube. 
The volume of fluid is then brought up to the mark 50 on the scale. 

The color of the resulting solution is compared with that of the two 
standard tubes, A and B, which accompany the instrument. If it is 
darker than Standard A (representing 0.05 per cent, of sugar) and 
lighter than Standard B (representing 0.1 per cent.), the first standard 

* The tubes belonging to this hemoglobinometer are not aU equally calibrated. 
With some the 50 per cent, mark represents a volume of 1.0 c.c; with others, 1.0 c.c. 
of fluid reaches up to the 43, 45, 46 or 47 per cent. mark. The error in the calibra- 
tion is generally below the 10 per cent, mark; the graduations above this mark are 
usually correct. By means of the standard 1.0 c.c. pipet one can readily determine 
whether or not a given tube is properly calibrated. In order to facilitate a direct 
reading of the percentage of sugar on these hemoglobinometer tubes, it is essential 
to have 1.0 c.c. of fluid stand at mark 50. To overcome a discrepancy (if any exists) 
in the calibration of a given tube, one may put one, two or three small glass beads 
in the bottom of the tube, of such size as to raise the menicus of 1.0 cc of fluid 
up to the 50 per cent. mark. 
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is used for comparison. In either ease the solution in the graduated 
tube is diluted gradually with water (just as is usually done in hemo- 
globin estimations) until the colors match. 

. The percentage of the sugar in the blood is then computed thus: 
Using the lighter standard A, the figure on the scale, divided by 1,000, 
represents the percentage of sugar in the blood. For example, the 
tube reads 86 ; then the result is 

= 0.086 per cent. 



1000 



When Standard B is used for comparison, the figure on the scale is 
multiplied by 2 and divided by 1,000. For example, the tube reads 73; 
then the percentage of sugar is 

-^^^ = 0.146 per cent. 

With the instructions given, the above formulas may be used for 
direct computation of the percentage of sugar only, when 0.2 c.c. of 
blood is used in the determination. When, however, only 0.1 c.c. of 
blood is used, the formulas apply as well, but the value obtained must 
be multiplied by 2. 

It is better, in cases in which a high sugar content in the blood is 
suspected (in diabetes, for example), to use only 0.1 c.c. of blood for 
the determination. In all other cases 0.2 c.c. of blood should be used. 

The Parathyroid, Pineal and Thymus Glands and Gonads 

As yet there is no method known of experimentally estimating the 
functional activity of the parathyroid, pineal and thymus glands, or 
gonads. 
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position of the urine, p. 275 — Freezing-point, p. 275— Cry- 
oscopy of the urine, p. 278 — The hemorenal index, p. 279 — 
Renal function as determined by excretion of ingested sub- 
stances, p. 291 — Pharmacological tests, p. 301. 

m. The composition of the blood, p. 303: Ambard's coefficient, p. 
306 — McLean's index of excretion of urea and chlorid, p. 
314 — Physical methods for determining composition of the 
blood, p. 320 — ^Freezing-point, refractive index and specific 
gravity of blood-serum, p. 320 — Chemical composition of the 
blood, p. 325 — Acidosis in renal disease, p. 342 — Indicanemia 
as a sign of renal disease, p. 352. 

rV. Urea content of the cerebrospinal fluids p. 353. 

In his learned lecture on ''Some Phases of the Nephritis Problem,** 
Professor Henry A. Christian made several observations which we shall 
do well to quote here : 

'*In all the earlier functional studies of patients with nephritis the 
desire to make an anatomical diagnosis has been prominent; sometimes 
it has been the acknowledged goal, at other times, though not so stated, 
it is evidently the aim of the investigator. Little by little it has be- 
come recognized that such an attainment has not been approached with 
any closeness, and I think that by most investigators it is now regarded 
as improbable that we will ever be able to correlate closely postmortem 
anatomical appearance with the functional disturbances of the kidney 
during life, at least so long as present pathological technic and classi- 
fication continue in use. Improved methods of studying renal lesions, 
of course, may change these conditions at any time. In a number of 
patients we have had the opportunity to carry out a group of functional 
renal studies, and on the death of the patient have submitted the kidneys 
to pathological examination. In these patients there was no evident 
relation to be made out between anatomical changes in the kidney and 
antecedent functional disturbances in any selective sense that would 
justify an anatomical classification. In our experience in a functional 
sense, patients with nephritis do not separate themselves into distinctive 

242 
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groups; rather is it indicated that there is a progressive increase in 
functional disturbance with advance of the lesion, though there is an 
undoubted tendency for certain cases to show continuously a much more 
marked impairment of function as measured by one set of tests than by 
another, indicating that functional disturbances depend on selective 
excretory activity, and that, were not the various renal structures pretty 
generally involved in nephritis, a more definite classification based on 
tests of renal function could be made. 

** However, at the present time, tests of renal function are of more 
value for indicating the presence of a renal lesion, for measuring its 
extent and for indicating its management than as a means of classifica- 
tion of cases. For these purposes they add greatly to the value of our 
clinical study of patients with nephritis. Out of the very numerous 
methods of testing renal function certain ones have survived, either by 
reason of ease of application or by reason of yield of information in 
proportion to the amount of labor they require. Some have been dis- 
carded because the same information may be obtained from simpler pro- 
cedures or from ones requiring less complicated and expensive ap- 
paratus or occupying less time in their carrying out. Others have been 
given up because they caused more discomfort and inconvenience to the 
patient than some other one yielding the same information. Those that 
are still in use, though they yield much valuable information, are not 
thoroughly satisfactory, and better ones probably can be worked out 
with our increasing knowledge of renal function under varying con* 
ditions in man and animals." 

Barker gives the following classification of the tests used in deter- 
mining renal sufficiency: 

I. Physical — Chemical Methods. 

1. Determination of quantity and specific gravity of urine. 

2. Determination of osmotic pressure. 

3. Determination of freezing-point of urine. 

4. The ** water experiment" and ** polyuria test." 

5. Hyposthenuria — the amount of urine and its specific grav- 

ity after a renal test-diet. 

II. Methods which determine the power to excrete specific chemical 

substances. 
1. Quantitative study of excretion of normal constituents, 
(a) Nitrogenous substances. 

i. Total non-protein nitrogen, 
ii. Urea, 
iii. Uric acid, 
iv. Creatinin. 
(6) Non-nitrogenous substances. 

i. Sodium chlorid and water, 
ii. Diastase. 
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2. Excretion of substances foreign to the body after inges- 
tion or after injection into the blood, 
the muscles, or the subcutaneous tis- 
sues. 

(a) Phenolsulphonephthalein test. 

(6) Potassium iodid. 

(c) Lactose. 

(d) Methylene blue, indigocarmin or rosanilin. 

(e) Diuretics (theocin, diuretin, etc.). 

III. Comparative analysis of blood and urine. 

1. Nitrogenous substances. 

(a) Total non-protein nitrogen of blood and urine. 
(6) Urea of blood and of urine. 

(c) Ambard's coefficient. 

(d) McLean's index of urea excretion. 

2. Non-nitrogenous substances. 

(a) Sodium chlorid content of blood and urine. 

i. The NaCl threshold. 

ii. The NaCl secretion constant. 
(6) The total electrolytes of the blood and urine. 

i. The hemorenal index. 

3. Nitrogenous and non-nitrogenous substances. 

(a) Total nitrogen and total chlorids. 

(6) The nitrogen and chlorids of blood and urine, to- 
gether with the water excretion and 
the specific gravity after a renal test. 

IV. Other methods. 

1. Bouchard's urotoxic coefficient. 

2. Urea content of cerebrospinal fluid. 

3. Determination of fatigability of the secretory power of 

the kidneys. 

4. Determination of blood acidity in renal disease. 

(a) Measurement of CO2 tension of blood. 
(6) Determination of the amount of NaHCO, neces- 
sary to render the urine alkaline. 

V. Methods for determining functional capacity of each kidney sep- 

arately. 

We shall discuss the tests under the following headings 

1. The chromocystoscopic tests. 

2. The composition of the urine: after a special diet or after gen- 
eral diet. 

3. The composition of the blood. 

4. Urea content of the cerebrospinal fluid. 
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I. Chromocystoscopio Tests 

The method of chromocystoscopy, that is to say, the administration 
by mouth, or preferably subcutaneously, of coloring matters, such as are 
readily excreted by the kidneys, is of greater or less practical value. 
It serves at least in localizing the ureteral orifices. 

Methylene Blue Test. — Methylene blue was introduced for this pur- 
pose by Achard and Castaigne. The drug is given by mouth in l^-grain 
doses, or preferably 15 minims of a 5 per cent, solution are administered 
by hypodermic injection. In health the drug will dye the urine in 
about one-half hour, while in the presence of disease of the kidneys 
this is delayed. Methylene blue is of little value, however, in estimating 
the functionating capacity of the kidneys, because it is slowly eliminated, 
and, therefore, requires observation for a long period of time. It has 
been estimated that only about 80 per cent, of the drug is excreted 
normally in the urine: It does not lend itself, moreover, to accurate 
colorimetric estimation. 

Walker has shown that in obstruction of the lower urinary tract the 
excretion of methylene blue is retarded. In hypertrophy of the prostate 
the dye frequently does not appear for three or three and one-half hours, 
and is often excreted for a period of 8 or 10 days following the injec- 
tion. In several instances it did not appear at all. 

Underbill and Closson have shown that methylene blue is not a chem- 
ical entity but is a mixture of methylene blue and methylene azure. 
The appearance of the drug in the form of a chromogen necessitates 
additional manipulations when readings are being made, and affords 
an opening for speculation and difference of opinion and doubt as to 
the interpretation of the findings. Chauffard and Cavasse, Oulmont and 
Raymond consider that some significance is attached to the relations 
between the amount of chromogen and the amount of dye excreted. 

The drug undergoes unknown chemical changes in the body, only a 
part (50 per cent.) being normally excreted in the urine. Occasionally 
it is completely destroyed in the body, even in health, and cannot be 
demonstrated at all in the urine, as has been described by Pugnaud and 
Revilliod, Walker and others (Rowntree and Geraghty). 

Indigocarmine. — Indigocarmine was first used by Heidenhain in 
his investigation of the physiology of the kidneys. lie showed that this 
drug was excreted by the epithelial cells of the convoluted tubules. 
Voelcker and Joseph, assistants of Czerny of Heidelberg, proposed the 
use of this dye for the purpose of testing the renal function. After 
an intramuscular injection of 20 c.c. of a 4-10 per cent, solution, the 
drug should appear in the urine of a healthy individual in less than one- 
half hour. It is delayed in the presence of disease. The delay in its 
appearance and the diminished intensity of the colors of the stream 
ejaculated from the ureters, as revealed by the cystoscope, is supposed 
to afford an indication of the relative amount of destruction of the 
secreting epithelium of the convoluted tubules. This dye has the ad- 
vantage of being more readily eliminated than the methylene blue, but 
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has the decided disadvantage of being decolorized by purulent alkaline 
urine. It does not lend itself to colorimetric estimation, and only about 
25 per cent, is eliminated by the kidneys. 

SosaniUii. — Rosanilin (rosanilin trisulphate of soda), first introduced 
by Lepine, has not attained any popularity. One c.c. of a 1 per cent, 
solution injected subcutaneously usually makes its appearance in less 
than one-half hour. From 65 to 95 per cent, is recovered in 24 hours. 

Phenolsulphonephthalein Test. — Phenolsulphonephthalein, which was 
first described by Remsen, is a bright red crystalline powder, somewhat 
soluble in water and alcohol, readily soluble in the presence of alkalis. 
The drug, as determined by Abel and Rowntree, is non-irritant locally, 
and is excreted practically entirely by the kidneys and with extraordi- 
nary rapidity, appearing in the urine normally within a few minutes 
of injection. In alkaline solution it presents a brilliant red color which 
is ideally adapted for quantitative colorimetric estimation. 

This drug has been utilized by Rowntree and Qeraghty to determine 
the functional capacity of the kidney in disease. By means of the test 
which they have introduced it is possible to determine accurately the 
condition of the kidneys, i.e., whether they are diseased, and in case they 
are, to determine the extent. This test permits one to determine whether 
the kidney disease, if chronic, will be apt to prove rapidly fatal, whether 
uremia is apt to develop, or whether any given case is suitable for surgical 
interference from the renal point of view. The technic of the test is 
as follows : 

Technic. — Twenty minutes to one-half hour before administering 
the test, the patient is given 200 to 400 c.c. of water, in order to in- 
sure free urinary secretion ; otherwise delay in time of appearance may be 
due to lack of secretion. 

Under aseptic precautions a catheter is introduced into the bladder 
and the bladder completely emptied, or the patient is allowed to volun- 
tarily empty the bladder. Noting the time, 1 c.c. of a carefully pre- 
pared solution of the phenolsulphonephthalein, containing 6 mg. to 
the c.c, is accurately administered subcutaneously, intramuscularly or 
intravenously by means of an accurately graduated syringe. The urine 
is allowed to drain into a test-tube in which has been placed a drop 
of 25 per cent, sodium-hydroxid solution, and the time of the appear- 
ance of the first faiut pinkish tinge is noted. In patients without 
urinary obstruction the catheter is withdrawn at the time of the appear- 
ance of the drug in the urine, and the patient is instructed to void 
into a receptacle at the end of one hour, and into a second receptacle 
at the end of the second hour. 

A rough estimate of the time of the appearance can be made by hav- 
ing the patient void urine at frequent intervals without the use of 
the catheter. In prostate cases it is wise to have the catheter in place 
until the end of the observation. The catheter is corked at the time 
of the appearance of the drug in the urine and the cork removed 
at the end of the first hour and at the end of the second hour, the 
bladder being thoroughly drained each time. In the case of many of the 
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patients of this type whom the author has observed, a retention 
catheter has been in use as part of the routine treatment, on 
account of the residual urine. Before the catheter is to be employed 
it is well to put the patient under the influence of hexamethy- 
lenamin. 

Each sample of urine is measured and the specific gravity taken. 
SuflBcient sodium hydroxid (25 per cent.) is added to make the urine 
decidedly alkaline, in order to elicit the maximum color. The color dis- 
played in the acid urine is yellow or orange, and this immediately 
gives place to a brilliant purple-red color when the solution becomes 
alkaline. This solution is now placed in a liter-measuring flask and 
distilled water added to make, accurately, 1 liter. The solution is then 
thoroughly mixed and a small filtered portion taken to compare with 
the standard, which is used for all these estimations. 

When the Duboscq colorimeter is used, the standard solution used 
for comparison consists of 3 mg. of phenolsulphonephthalein (or Yo c.c. 
of the solution used for injection) diluted to 1 liter and made alkaline 
by the addition of only one or two drops of 25 per cent. NaOH solu- 
tion. This is a beautiful purplish-red solution retaining its intensity 
of color for weeks or for an indefinite period. The one solution, there- 
fore, serves for an immense number of tests. 

One cup of the colorimeter (right) is half filled with this standard 
solution which has just been described, used for comparison, and the 
plunger lowered so that the indicator reads at 10. A varying quantity 
(depending upon the intensity of the color) of the diluted urine is 
placed in the other cup and the plunger manipulated until the two 
halves of the field are of an identical intensity of color. The indicator 
of the left plunger is now read, the fraction, as indicated by the Vernier 
scale, being taken into account. The estimation of the quantity pres- 
ent is then a question of simple arithmetic. For instance, the left side 
reads at 20, the standard being placed at 10. In other words, it takes 
a column of fluid twice as long to give the same intensity of color as 
that of standard, which, of course, shows that the solution contains 
only half as much dye. To obtain the percentage of dye excreted in 
the urine compared with the amount in the standard solution used for 
comparison, it is necessary to multiply the reading of the standard 
by 100 and divide by the reading indicated for the solution containing 

the urine. To return to our example, we have — ^vj = 50 per cent. 

as much drug in the urine as in the standard solution used for com- 
parison. 

The 3 mg. of the standard for comparison has been chosen arbitrarily 
because of the beautiful pink color which is obtained when the indicator 
stands at 10. The amount of drug used for injection is 6 mg. We have 
compared the amount of drug in the diluted urine with that of the stand- 
ard for comparison, but, if we wish to estimate the amount of drug 
excreted as compared with the amount of drug administered, we must 
compare the amount excreted with 6 mg. rather than 3 mg., which is 
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present in the solution for comparison. In the example given above we 
would have 50 per cent, of the 3 mg, or 25 per cent, of the 6 mg,, which 
was the amount injected ; so that the excretion is 25 per cent, of the 
amount administered. 

Recently the Autenrieth-Konigsherger colorimeter has been modified 
and utilized for the quantitative estimation of phthalein (Fig. 38). A 
Btandard alkaline solution, 6 mg. of phthalein to the liter, is placed in 
the wedge-shaped cell. The urine, collected as for the other method, 
is diluted to a liter and a small filtered portion poured into the rectangu- 
lar cup. The wedge-shaped cell is now manipulated by means of the 
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screw, until the two sides of the color field are identical in intensity. 
The percentage is now read by the position of the indicator on the scale. 
This instrument is well adapted for the purpose, is approximately accu- 
rate, and is much cheaper than the Duboscq colorimeter. 

A very simple apparatus devised by Dunning, known as the Dun- 
ning Colorimeter, may be used for making approximate estimations. 
This instrument comprises 13 sealed ampules and 1 open ampule, and 
a box fitted with opaque glass, so arranged as to be used as a background 
for comparing colors. The sealed ampules contain the standard alkaline 
solution of phthalein, 6 mg. to the liter, and 80, 60, 50, 40, 35, 25, 20, 15, 
10, 5 per cent, dihitions. Each ampule is marked with a figure indi- 
cating percentage strength, that containing standard solution carrying 
100. The open ampule is intended for the urine specimen which should 
be collected and prepared as for the other methods of estimation. The 
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open ampule, containing the specimen, is placed in a colorimeter box 
and compared with the other ampules. When the specimen is matched, 
the percentage of excretion is indicated by the number on the test ampule 
selected. 

Fairly accurate estimations, however, can be obtained by means 
of graduated cylinders — equal quantities of the standard solution and 
the diluted urine being used in separate cylinders and the denser solu- 
tion being diluted until the colors become identical. The amount of 
drug in the solution being known, the amount in the urine can be 
readily calculated. 

When the collected urine has been made strongly alkaline it is neces- 




FlO. 39. — DONNINO COLOBI METER. 
A, colorimeter box; B, eomplete apparatus. 

sary to estimate the phthalein within a few hour^, as the red fades 
gradually under these conditions. When it is desirable or necessary 
to defer the estimation for some hours or days, it is better to make 
the urine distinctly acid, under which condition the phthalein remains 
unchanged. It should, of course, be made alkaline again when the esti- 
mation is made. 

The method, heretofore utilized in connection with other tests, of 
determining the time necessary for total elimination, is erroneous for 
the following reasons: Whereas, in the ease of phthalein, a normal 
kidney excretes the greater part of the dye injected within 2 hours 
of the time of administration, snd then only a small trace for the next 
2 hours, the moderately diseased kidney secretes a fair amount within 
the first 2 hours — say 50 per cent, of that excreted by the normal kidney 
— but the concentration in the blood still being high, it continues to 
excrete a fair amount in the following two hours, so that at the end of 
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4 hours little difference may exist in the total work accomplished. 
One-hour and, at most, two-hour observations are therefore recommended. 
In cases in which only slight changes in function exist this can be 
most accurately demonstrated by a one-hour collection following the use 
of an intramuscular (lumbar) injection. 

The excretion has been studied in several hundred normal individ- 
uals. In the earlier work subcutaneous administration was used ex- 
clusively, the drug appearing in the urine in from 5 to 11 minutes, 
38 to 6b per cent, (average 50 per cent.) being excreted in the first 
hour after its appearance in the urine, and 60 to 85 per cent, for 2 hours. 
In health the elimination is practically complete in 2 hours, only a 
trace being present during the third and fourth hours. 

Intramuscular and intravenous injections have also been employed. 
The time of appearance following the intramuscular administration is 
practically the same as that after the subcutaneous, but the output aver- 
ages 5 to 10 per cent, more for the first hour. Following the intravenous 
injection, the drug normally appears in from 3 to 5 minutes, and from 
35 to 45 per cent, of the drug is eliminated in the first 15 minutes, 50 to 
65 per cent, in the first half hour, and 63 to 80 per cent, during the 
first hour. This rapidity of excretion following intravenous adminis- 
tration, is exceedingly striking and when this method is employed, ob- 
servations for a quarter-hour or half-hour period only should be em- 
ployed. For general use, however, we advocate the lumbar intra- 
muscular method (the latter particularly when edema is present), as the 
technic involved is much simpler and the results obtained are reliable. 
The technic of the test is exceedingly simple. The injection is given, 
time of appearance noted, and collection of urine made for 1 or 2 hours. 
To each sample sufScient sodium hydrate is added to insure alkalinity 
and maximum intensity of color; then the urine is diluted to 1 liter, 
a small amount is filtered, the reading made, and the percentage •of 
drug excreted is calculated. 

Conclusions. — The summing up of the phenolsulphonephthalein test 
from Goodman's study is as follows: 

1. In clinical influenza the small output of phenolsulphonephthalein 
is not in accordance with the findings in other general diseases. 

2. The general series of diseases show a good output of phenol- 
sulphonephthalein as a rule when there is clinically no evidence of 
kidney involvement. 

3. The findings in regard to the value of this test, both from a 
diagnostic and a prognostic standpoint, in nephritis, confirm former con- 
clusions in this respect and also the statement of Rowntree and Geraghty, 
that it reveals the degree of functional derangement, whether the nephri- 
tis be acute or chronic. 

4. In several of Goodman's cases this test has revealed a degree 
of renal insuflSciency, of which the clinical condition of the patient gave 
no evidence, but the existence of which has been confirmed by the fatal 
outcome of the case. 
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5. The test has served to demonstrate renal insufficiency in in- 
stances in which operation was contemplated and in which, though clin- 
ical and microscopic examinations were negative, subsequent develop- 
ments confirmed the existence of the renal insufficiency. 

6. In cases of ureteral or renal obstruction Goodman's findings 
are again in line with those of Rowntree and Geraghty in that he 
found a marked improvement, as indicated by the phenolsulphone- 
phthalein test, following the removal of the obstruction. 

7. In unilateral and bilateral disease of the kidney, the test has 
revealed the functional capacity of each kidney, and to such a satis- 
factory degree that, in some instances, it has assisted me to determine 
on the course of operative procedure. An absence or a very small out- 
put of the dye from one kidney, with an increased output from the 
other side, indicates a seriously diseased kidney on the one side, with 
a compensatory hypertrophy of the other kidney. 

Tracy employed the test in about 300 cases, the material for this 
paper being based on the observations of the first 100 cases. He says 
that it does not seem possible to work out the minimum percentage 
of phthalein output with which it will be safe to undertake surgical 
operations, nor is it safe from the phthalein test to determine what cases 
should or should not be subjected to operation. He believes it will never 
be possible to determine this point from the phthalein test, as the func- 
tional activity of a kidney varies under numerous circumstances and 
at different times. In determining whether or not a patient should be 
subjected to operation, the history, clinical symptoms, and physical ex- 
aminations are of much greater value than any renal functional test 
ever devised. The phthalein test used in conjunction with the clinical 
symptoms, history, and physical examination is of value. A small per- 
centage of output should put the surgeon on his guard and cause him 
to study the patient most carefully before undertaking an operation. 
The phthalein test should be used only as one of the many methods 
of investigation in ascertaining the condition of the patient. 

Goodman and Kristeller summarize the following advantages of this 
test: 

1. The drug does not readily decompose in solution and can be 
sterilized by boiling. 

2. The dose required is small, 1 c.c. of solution containing .006 
gram of the dye. 

3. The injection is painless, and is not followed by irritation if 
the solution is sufficiently alkaline. 

4. The drug is excreted entirely by the kidneys. 

5. The drug can be demonstrated in the urine in from three to ten 
minutes after the subcutaneous injection. 

6. From 50 to 70 per cent, is excreted during the first two hours. 

7. The drug lends itself to accurate colorimetric measurement. 

8. The quantity of dye recovered in a specimen within a given 
time is not influenced by the volume of urine. 



252 FUNCTIONAL DIAGNOSIS 

9. The presence of pus, phosphates, bile, and indican does not in- 
terfere with the colorimetric estimation of this drug. 

Geraghty and Rowntree obtained the following results with the phe- 
nolsulphonephthalein test : 

**The excretion has been studied in several hundred normal indi- 
viduals. In our earlier work subcutaneous administration was used 
exclusively, the drug appearing in the urine in from five to eleven min- 
utes, 38 to 60 per cent, (average 50 per cent.) being excreted in the 
first hour after its appearance in the urine, and 60 to 85 per cent, for 
two hours. In health the elimination is practically complete in two 
hours, only a trace being present during the third and fourth hours. 

''Influence of Amount of Urinary Secretion, — ^The excretion of the 
drug does not run parallel to the excretion of urine. It is immaterial, 
as far as the excretion of the drug is concerned, whether the urinary 
output is 50, 200, 400 or 500 c.c. Similarly, the output does not seem 
to be much influenced by the previous administration of the different 
diuretics. Experimentally on animals, it was found that those diuretics 
(caflfein, urea, dextrose, phlorizin, calomel) which are thought to exert 
a stimulating influence on the cells of the renal tubules, slightly in- 
crease the phthalein output, whereas those diuretics (hypertonic sodium 
chlorid, potassium nitrate and digitalis) which act entirely by mechan- 
ical factors, as by changes in osmotic tension, or changes in blood- 
pressure, slightly decrease or cause no change in the excretion of 
phthalein. No definite influence was noted in man, following the dose 
usually employed for diuresis, one-hour estimations being made. 

** Heretofore, functional tests have not been considered of any great 
value to the clinician in relation to nephritis. In fact, hyperpermeabil- 
ity to methylene blue, indigocarmin and rosanilin has been shown to 
exist in acute and in chronic parenchymatous nephritis, while, on the 
other hand, decreased permeability with slow appearance and prolonged 
excretion has been demonstrated in the chronic interstitial variety. 

''Acute Nephritis. — An opportunity to study only five cases of acute 
nephritis has presented itself. 

** While no conclusions can be drawn from five cases, it is suggestive 
that in none of them was there increased permeability, but that, on the 
contrary, the permeability was markedly decreased when the condition 
was considered clinically grave. 

"Chronic Parenchymatous Nephritis, — In all, twenty-one cases be- 
longing to the clinical type of parenchymatous nephritis have been 
studied. These cases represent different grades of severity and the 
duration of the disease varies from a few weeks to seven years. 

**In two very mild cases of short duration showing only slight edema, 
with albumin and casts, but with normal urinary output, the time of 
appearance of the drug and the amount excreted was normal. In one 
of these cases the time of appearance was eight minutes, and the output 
52.5 per cent, for one hour. The second patient was a student who 
considered himself perfectly well, but in whose urine albumin and casts 
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were discovered by chance. On close inspection, a slight edema about 
the eyes was detected. No other evidence or suggestion of the disease 
could be found. In this instaiice 53 per cent, for the first hour and 8.6 
per cent, for the second hour was excreted, following subcutaneous 
injection. 

**In cases of longer standing or those in which disease is of ordi' 
nary severity, the time of appearance has always been delayed slightly 
(ten or twenty-five minutes) and the amount excreted is definitely below 
normal. 

**In the most severe grades of chronic parenchymatous nephritis, 
or those in which the disease is of long Standing and associated with 
secondary sclerotic changes, the output is reduced very markedly, and 
in some instances no trace of the drug can be found in the urine. Here 
also, as in the interstitial type, the absolute failure of excretion, or 
the excretion of a mere trace, has been followed within a short time 
by death from renal failure. 

** Although the number of cases of chronic parenchymatous nephritis 
has not been very large, sufficient data have been collected to indicate 
that the test is of decided value in revealing the functional efficiency 
of the kidney in this condition. In the mild cases very little disturb- 
ance of function is indicated, and it may be impossible from the test 
alone to differentiate this condition from albuminuria. When there 
is a marked decrease in the phthalein output, marked renal changes 
are present, and when only excreted in traces, or not at all, a grave 
prognosis should be given, though no signs of uremia exist. 

'^Chronic Interstitial Nephritis. — Twenty-two cases of the type clin- 
ically classed as chronic interstitial nephritis have been under observa- 
tion. In many of these cases, previous to the administration of the 
phthalein test, no accurate idea of the degree of involvement of the 
renal function could be ascertained even after the most careful clinical 
study. The phthalein test has proved itself of immense value in re- 
vealing the degree of destruction of the renal substance, and has demon- 
strated itself to be of extreme importance from the standpoint of both 
diagnosis and prognosis. 

* ' In most of the cases of this series the time of appearance has been 
markedly delayed and the output of phthalein markedly decreased; 
where the output is lowest, the delay in appearance is most pronounced. 
The time of appearance, however, is not so important as the amount of 
excretion. 

'* Uremia. — In twenty-one cases under study, uremia has been pres- 
ent. Of this number, in fourteen uremia was grave; the patients ex- 
hibited nausea, vomiting, drowsiness or coma, and in several instances 
convulsions. In the remaining seven, mild symptoms only were pres- 
ent and had persisted over prolonged periods. Nine of the fourteen 
patients with grave uremia died during the attack. In all of these 
cases the phthalein elimination was zero or a faint trace only for two 
hours. 

**In two of the five patients recovering from their uremia, the out- 
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put was 20 per cent., the uremia being the result of an acute exacerba- 
tion of a chronic nephritis. In two the output was 14 per cent. ; in both 
of these the uremia was precipitated by a double pyelonephritis. The 
tifth case was one of acute exacerbation of chronic pyelonephritis in a 
man previously having had nephrectomy. This last patient has greatly 
improved, and at present has a two-hour excretion of 13 per cent. 

*'In the seven mild cases, exhibiting slight but persisting symptoms 
of uremia, the excretion respectively was as follows: 10 per cent, in 
one ; 7 per cent, in three cases ; a trace in two ; 2 per cent, in the other, 
for two hours. Five of these patients died within three months of the 
performance of the test. Those living are still exhibiting evidences of 
chronic uremia, four months having intervened in one instance. 

* * Of four patients not exhibiting uremia at the time of the test, but 
in which the phthalein output was below 8 per cent, for two hours, 
one excreting 6 per cent, died within two months, another within three 
months, and the other two are still living, in one two months, and in 
the other three weeks intervening, but both are exhibiting evidence 
of chronic uremia. 

''The Study of Cardiac and Cardiorenal Cases. — An attempt has 
been made to differentiate, by means of this test, between those cardiac 
cases with broken compensation or with passive congestion associated 
with the presence of albumin and casts in the urine and those cases 
in which cardiac insufficiency is associated with varying grades of true 
nephritis. In this connection thirty-three cases have been studied. From 
this study there appears to be no doubt, but that decrease in function 
accompanies marked passive congestion of the kidneys in the absence of 
any true nephritis. As the cardiac condition improves, however, the 
passive congestion becoming less marked and edema subsiding, the out- 
put of phthalein increases — and in one case rose from 16 per cent, to 
normal in the course of one week — the patient in the meantime losing 
70 pounds in weight with the disappearance of a general anasarca. We 
feel that the phthalein test will prove of value in determining what 
degree of renal efficiency exists in this class of disease, and subsequently 
with improvement in the cardiac condition and the disappearance of 
edema, a continued low phthalein excretion will indicate with consider- 
able certainty the presence of permanent organic changes in the kidney. 
We feel, however, that a much larger series should be studied clinically 
and at autopsy before very definite conclusions can be drawn. 

''MUcellamteous Cases, — A large number of miscellaneous medical dis- 
eases have also been studied from the standpoint of phthalein excre- 
tion, among the number being ten cases of lobar pneumonia. In pneu- 
monia the output is little if any decreased, and does not run parallel 
with the chlorid excretion. Three cases of persistent albuminuria have 
shown a normal output. In no disease other than renal, so far studied, 
has a marked reduction of the phthalein excretion been encountered. 

*'The Relation of Phth/Elein Output to Blood-pressure, to Changes in 
the Eye-grounds amd to the Blood-picture, — In the majority of cases 
of chronic nephritis in which the blood-pressure has been high, the 
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phthalein elimination has been markedly decreased, but no exact paral- 
lelism exists, inasmuch as not a few instances have been encountered 
in which the systolic pressure has been over 200 mm. Hg., and the 
phthalein output one-half of normal, while on the other hand there have 
been instances in which the blood-pressure has been normal while the 
phthalein output has been zero or nearly so, the patients shortly after 
dying in uremia. While a high blood-pressure, when present, is consid- 
ered of diagnostic and prognostic value, taken in conjunction with other 
clinical data, yet many patients died of renal insuflSciency and exhibited 
a blood-pressure which was normal or practically so. Nor is the blood- 
pressure, even when high, increased in inverse proportion to the decrease 
in renal function. 

** While in some instances marked changes in the eye-grounds, choked 
disk, tortuous vessels, hemorrhages, etc., have been present coincident 
with a very low phthalein output, in many cases, even of the most ad- 
vanced and even fatal nephritis, no changes whatever in the eye-grounds 
could be detected, the patient at the same time failing to eliminate the 
phthalein. 

** Moderate or rather severe grades of secondary anemia in the ab- 
sence of disease of the kidneys can be present without any diminution 
in the phthalein elimination ; for instance, two patients, one with 2,500,- 
000 red cells, and hemoglobin 30 per cent., the other with hemoglobin 
30 per cent., eliminated 61 and 57 per cent, for two hours respectively.'* 

Rowntree and Geraghty also studied the value of the test from a sur- 
gical standpoint, 

**As a result of obstruction in the lower urinary tract, pathologic 
changes may occur in the ureters and kidneys, dilatation of the ureters, 
varying grades of hydronephrosis, and as a result of the continued 
high pressure, atrophy of the parenchyma of the kidney. Not infre- 
quently, infection occurs with the development of a pyelitis, a diffuse 
or localized pyelonephritis, or pyonephrosis. The occurrence of these 
complications is often difficult of recognition, and is often overlooked, 
particularly in the absence of symptoms of renal inadequacy. A large 
proportion of these cases of urinary obstruction have cystitis associated 
with albuminuria. The presence of casts in the urine is no contra- 
indication to operation. The urinary output may be normal, also the 
urea and total solids, and yet the patient may be on the verge of renal 
failure and disastrous results may follow surgical interference. 

* * The test has been used in 100 cases of urinary obstruction, mostly 
cases of prostatic hypertrophy. The technic involved in these cases 
necessitates the use of a catheter ,• otherwise it does not differ from that 
described above. 

"In the majority of cases, the test indicates a more or less degree 
of renal impairment, and taken in conjunction with the clinical condition 
it is of more value than the study of urine output, total solids, total 
nitrogen, and urea estimations combined. 

** A marked decrease in the amount excreted invariably means severe 
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derangement of renal function, which may be of either a temporary 
or permanent character. Under such conditions one should proceed 
with extreme caution, and no surgical intervention should be attempted 
without further study, together with preliminary treatment. Under 
this regime, repeated functional tests will demonstrate eventually the 
nature of the derangement, for in true interstitial nephritis the output 
will continue low, whereas if the derangement is purely functional or 
secondarj"- to pyelonephritis, usually improvement will follow as a result 
of the treatment and will be indicated by a decrease in the time of 
appearance of the drug and simultaneously an increase in the amount 
eliminated. 

**The functional derangement due to infection in these cases is a 
much more dangerous condition than is the presence of even a fairly 
advanced condition of interstitial nephritis. The use of the test enables 
one to select the most favorable time for operation. In cases exhibiting 
a continued suspiciously low output, the use of nitrous-oxid gas, or 
spinal anesthesia, is suggested as preferable to ether in order to protect 
the kidneys. When only a trace of the drug continues to be excreted, 
prostatectomy should not be attempted, even though the patient pre- 
sents no evidence of uremia." 

In their original paper Rowntree and Geraghty stated that a drop- 
ping phthalein output was a contra-indication to operation, except in 
cases of necessity. This decrease in function usually means some change 
in the renal condition and in most cases it has been caused by the 
development of a pyelonephritis or an exacerbation of an old process. 
It is obviously wise to wait until the kidneys have recovered from this 
acute shock before subjecting them to further injury through operation. 

The test can be used to equal advantage preliminary to any surgical 
procedure, when it is deemed important to know the true functional 
capacity of the kidneys. 

The Phthalein Test as Applied to the Function of the Individiuil 
Kidney. — Functional tests have already demonstrated their value in this 
connection. But they have, at most, been able to determine only the 
relative working capacity of each kidney and have shed very little 
light on the absolute functional capacity of each organ. 

The phthalein test, in association with ureteral catheterization, has 
been made in seventy cases of unilateral or bilateral disease. 

Twenty mimites previous to examination 600 to 800 c.c. of water 
are given to the patient in order to insure a free flow of urine. The 
ureters are then catheterized. 

As it is essential to collect all the urine secreted by each kidney 
during a definite period of time, in order to do accurate quantitative 
work, a form of ureteral catheter especially devised for this purpose 
has been used. The flute and catheter of Albarran, No. 6, or pref- 
erably No. 7, has been found to be most satisfactory. The catheters 
which have only side openings and no end opening cannot be depended 
upon for this purpose. 



KIDNEY FUNCTION TESTS 257 

The catheters are passed up into the ureters to a distance of four 
inches. The cystoscope is then withdrawn, leaving the ureteral catheters 
in position. A small ureteral catheter is now passed into the bladder 
and the bladder thoroughly emptied, so that leakage, should it occur, 
can be detected. The time of injection is recorded, as is also the time 
of the appearance of the drug on each side. Starting from the time of 
appearance, the collection is continued for one hour, following sub- 
cutaneous or intramuscular injection. The amount of drug in each 
specimen is then estimated. 

In normal cases the time of the appearance of the drug from the 
two sides has been almost always the same, and in the majority of cases 
this has been five to ten minutes following subcutaneous and three 
to five minutes following intravenous injections. The time will vary 
somewhat with the rate of urinary secretion. Normally the amount 
excreted by each kidney will be practically the same. The series of 
cases studied include tubercular or pyogenic infection, unilateral or 
bilateral, calculi, hydronephrosis, hypernephromata, etc. 

Unilateral or Bilateral Surgical Disease of the Kidney. — ^It has been 
demonstrated that the time of appearance and the percentage of output 
is practically the same for the two healthy kidneys. When one kidney 
only is diseased, the time of the appearance of the drug is delayed on 
the diseased side, and the amount excreted is not only relatively but 
absolutely decreased. The amount of delay in the time of appearance 
is comparatively of little value. Reliance is to be placed only on the • 
quantity excreted during a period of one-half or one hour, depending 
upon the method of administration. 

Although in the majority of these cases of unilateral disease the 
combined output is equal to that of two normal kidneys, the greater 
part of the excretion is shown to be performed by the healthy kidney. 
In proportion to the decrease in function on the diseased side, there 
is approximately a proportionate increase in the function on the healthy 
side. In such cases following nephrectomy the remaining kidney elimi- 
nates, after the lapse of two or three weeks, an amount of drug which 
is normally excreted by two healthy kidneys. In all cases studied, the 
output from the remaining kidney has been greater than the combined 
output from two kidneys prior to operation. 

In bilateral disease it has been found possible to determine the 
individual function (absolute or relative) of each kidney. It is in this 
class of cases particularly that the shortcomings of other functional 
tests have been most apparent, as one kidney may have been doing twice 
or three times the amount of work of the opposite kidney, and still 
be unable to assume the additional work of the other kidney. It may 
be doing the major part of the work at the expense of all, or nearly all, 
of its reserve power, but the phthalein test determines whether the 
kidney has a functional capacity which is normal, less than or greater 
than normal, and to what degree. In three cases of double renal tuber- 
culosis, in which the amount of pus from each side was practically 
the same, the test permitted it to be determined that one kidney in each 

VOL. II.— 17. 



258 



FUNCTIONAL DIAGNOSIS 



Table 1. — ^Testb to Show Eppect op Tissues on Phenolsitlphonefhthalein 



Phenolsul- 
phonephthalein 



Ti89tie 

Sheep's liver. 
Sheep's liver. 
Sheep's liver. 
Sheep's liver. 
Sheep's liver. 
Human liver . 
Human liver . 
Human liver . 
Human liver . 
Human liver . 
Human liver , 
Human liver , 
Human liver 
Human liver 
Human liver 
Human liver 
Human liver. 



Human kidney . 
Human kidney , 
Human kidney . 
Human kidney 
Human kidney 
Human kidney 
Human kidney 
Cat's blood.... 



Dog's blood 

Cat's blood and liver. . . 
Cat's blood and kidneys 

Rabbit liver 

Monkey liver 

Beef liver 

Beef liver 

Beef liver 

Beef liver 

Beef pancreas 

Cat's muscle 

Cat's intestine 

Cat's liver 

Sheep's spleen 



Gm. C.c. 

50 
50 
50 
50 
50 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

25 
25 
25 
25 
25 
25 
25 
50 

50 
whole 
whole 

32 

26 

30 

30 

30 

30 

30 

25 

25 

25 

50 



Treaimenl 



Phenolsul- 

phonephthalein 

Recovered 

(Per Cent.) 

Undiluted + liquid petrolatum 

Undiluted; exposed to air Trace 

150 c.c. 0.8% NaCl + liquid petrolatum. . 47 

150 C.C. 0.8% NaCl; exposed to air 78 

150 C.C. 0.8% NaCl; afirated 90 

40 C.C. 0.8% NaCl 10 

39.5 C.C. 0.8% NaCl H- 0.5 c.c 3% H,Oi. 30 

35 c.c. 0.8% NaCl -f 5 c.c. 3% H,0, 30 

25 c.c. 0.8% NaCl + 15 c.c. 3% H^O,. ... 44 

40 c.c. 0.8% NaCl + 0.5 gm. glucose 9 

40 c.c. 0.8% NaCl H- 5 gm. glucose 20 

40 c.c. 0.8% NaCl + 15 gm. glucose 33 

39.5c.c.0.8%NaCH-0.5c.c.n/10NaOH 11 
35 c.c. 0.8% NaCl + 5c.c.n/10NaOH. ... 25 
25 c.c. 0.8% NaCl + 15 c.c. n/10 NaOH. . . 77 

40 c.c. 0.8% NaCI + boiling 100* 

40 c.c. 0.8% NaCl; allowed to become 

putrid by standing 4 days 30t 

40 c.c. 0.8% NaCl * 90 

39.5 c.c. 0.8% NaCl + 0.5 c.c. 3% HiOj. 90 

35 C.C. 0.8% NaCl + 5 c.c. 3% HjO, 94 

25 c.c. 0.8% NaCl + 15 c.c. 3% HjO,. ... 90 

40 c.c. 0.8% NaCl + 0.5 gm. glucose 96 

40 c.c. 0.8% NaCl + 5 gm. glucose 90 

40 c.c. 0.8% NaCl + 15 gm. glucose 94 

Perfused through liver for 30 min. before 

addition of pnenolsulphonephthalein .... 100 1 

Aerated with CO for 15 hours 95-96 

Blood perfused through liver 2 hours 45 

Blood perfused through kidneys 2 H hours. 95 
64 c.c. 0.8% NaCl H- 0.25 gm. glucose.. . . 79 
50 c.c. 0.8% NaCl + 0.25 gm. glucose.. . . 39 

UndUuted at 5 C 52 

UndUuted at 25 C 33 

Undiluted at 35 C 26 

Undiluted at 25 C. + 0.5 gm. glucose 25 

Undiluted 82 

Undiluted mash 38 

Undiluted mash 34 

Undiluted mash 

Undiluted mash 90 



* Enzyme entirely destroyed. 

t Enzyme partially destroyed. 

X Blood + phenolsulphonephthalein stood 30 hours. 



instance had a function greatly in excess of the other, indeed sufficient 
functional capacity to allow of successful nephrectomy, marked im- 
provement in general condition occurring subsequently in each case. 

In six cases out of seventy Rowntree and Geraghty have found that 
the catheters caused some inhibition of function, as was also observed 
by Keyes, Jr., and Stevens. This influence can readily be estimated by 
taking the total function either before or after catheterization. 

Kendall, in his investigations of the fate of phenolsulphonephthalein 
when injected into the animal organism, found factors other than the 
kidney influencing its retention. Injections of glucose into animals 
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seem to increase the excretion of the dye, whereas injections of amino- 
acids seem to retard its excretion. The various tissues seem to influ- 
ence the dye, so that some of it is destroyed in the body. The preceding 
table (Table 1) is self-explanatory. 

A state of acidosis also seems to retard the excretion of this sub- 
stance by the kidneys. 

Bookman found that fevers markedly influence the functional ca- 
pacity of the kidneys. 

II. The Composition op the Urine: after a Special Diet or after 

General Diet 

1. Benal Function as Measured by the Eliminc^tion of FloidSi Salt 
and Nitrogen, and the Specific Gravity of the Urine. — Hedinger and 
Schlayer have recently proposed a quantitative test of the mode of uri- 
nary function, as measured by specific gravity, salt and water excretion 
in two-hourly periods. These authors show how the urinary response 
to a full dietary containing a reasonable amount of fluids, salt and 
purins varies in health and disease. They found that the normal and 
the nephritic individuals differ very markedly from one another in the 
results obtained with the so-called ** nephritic test-meal." Not only 
can the absence or presence of renal function be determined, but like- 
wise its intensity. 

Mosenthal records the results of studies carried out along lines sug- 
gested by this work. The test-meal has been simplified somewhat, and 
it appears that the entire procedure, or a part of it, may very well 
become a valuable routine test for the general practitioner. He car- 
ried out this test in more than one hundred cases. The only patients 
not investigated, in whom renal function should have been ascertained, 
were those suffering from acute nephritides ; of these, such as had been 
treated in the wards of the hospital during the past winter were too 
sick to take food in any quantity, or were so unmanageable as to 
preclude the proper collection of specimens. It has been ascertained 
that the nephritic test-meal, when duplicated on the same patients, yields 
identical results, provided clinical condition has not changed. In sev- 
eral instances triplicate and quadruplicate observations have been made. 

Nephritic Test-meal. — The directions for the nephritic test-meal 
are contained in the following memoranda, given to the nurse in charge 
of the case in mimeographed form (Mosenthal) : 



For ; Date 



All food is to be salt-free food from the diet kitchen. 

Salt for each meal will be furnished in weighed amounts. 

All food or fluid not taken must be weighed or measured after 
meals and charted in the spaces below. 

Allow no food or fluid of any kind except at meal times. 

Note any mishaps or irregularities that occur in giving the diet 
or collecting the specimens. 
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Breakfast, 8 a. m. : 

Boiled oatmeal 100 grams 

Sugar % teaspoonf ul 

Milk 30 e.c. 

Two slices bread (30 grams each) 

Butter 20 grams 

Coflfee 160 c.c. 1 

Sugar 1 teaspoonf ul r 200 c.c. 

Milk 40 c.c. J 

Milk 200 c.c. 

Water 200 c.c. 

Dinner, 12 Noon: 

Meat soup 180 c.c. 

Beefsteak 100 grams 

Potato (baked, mashed or boiled) 130 grams 

Green vegetables as desired 

Two slices bread (30 grams each) 

Butter 20 grams 

Tea 180 c.c. 1 

Sugar 1 teaspoonful r 200 c.c. 

Milk 20 C.C. J 

Water 250 c.c. 

Pudding (tapioca or rice) 110 grams 

Supper, 5 p. M. : 

Two eggs, cooked in any style 

Two slices bread (30 grams each) 

Butter 20 grams 

Tea 180 c.c. 

Sugar. 1 teaspoonful 

Milk 20 c.c. 

Fruit (stewed or fresh) 1 portion 

Water 300 c.c. 

No food or fluid is to be given during the night or until 8 o'clock 
the next morning (after voiding), when the regular diet is resumed. 

Patient is to empty bladder at 8 a. m. and at the end of each period, 
as indicated below. The specimens are to be collected for the following 
periods in properly labeled bottles : 

8 A. M.-IO A. M. ; 10 A. M.-12 NOON ; 12 NOON-2 P. M. ; 2 P. M.-4 P. M. ; 
4 P. M.-6 P. M. ; 6 P. M.-8 P. M. ; 8 P. M.-8 A. M. 

Specimens are to be left in the ward until called for at 8 :30 a. m. by 
the attendant from the chemical laboratory. 

The above dietary contains approximately 13.4 grams of nitrogen, 
8.5 grams of salt, 1,760 c.c. of fluid, and a considerable quantity of 
purin material in meat, soup, tea and coffee. All these substances act 
as diuretics, and it is on the mode of excretory response to such stimuli 



' 200 c.c. 
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that the present study of renal function depends. Spaces are provided 
to chart the amounts of food not eaten by the patient, and correspond- 
ing allowances can be made in calculating the food intake. It is in 
no way essential that all the meals should be taken in their entirety, 
nor that the food should be exactly as indicated. The bill-of-fare here 
presented has been designed to adapt itself to the daily food supply 
furnished by the hospital. In private practice it would only be neces- 
sary to ask the patient to eat three full meals a day and write down 
the approximate quantities, as — 1 cup of coflfee, two slices of toast, two 
tablespoonfuls oatmeal, etc. — in order to be certain that the diet for 
the day contained a sufficient quantity of the diuretic materials of our 
ordinary food to make an adequate demand on the kidneys to test 
renal function. It is extremely desirable to insist upon the fact that, 
since the food as found in most households suffices to carry out these 
tests, and the procedure is not a complicated one, it need not be confined 
to hospitals and patients who can afford private nurses. 

A wide variation may be permitted in the above-mentioned directions. 
Certain others, however, must be followed slavishly, in order to make 
the outcome of the test yield its maximum result. The urine must 
be collected punctually every two hours. No solid food or fluid of 
any kind must be taken between meals, and especial care must be 
observed that nothing of any kind is eaten nor drunk during the night, 
and that the night specimen is completed before breakfast is touched. 
The reason for this is that the normal kidney responds rapidly to 
fluids, ingested, so that within a few hours a marked diuresis occurs. 
The following observation may serve as an illustration of this previ- 
ously well-established fact: 

Time Interval Urine Volume Fluid Ingested 

6 p. M.- 8 p. M. 84 7 :30 p. m. supper, with 

8 p. M.-IO p. M. 590 1,000 c.c. of water 

10 p. M. -8 A. M. 361 

In this instance, within two and one-half hours of drinking 1,000 c.c. 
of water, over 590 c.c. were eliminated, while during the eight-hour 
period following the diuresis, only 361 c.c. of urine were voided. 

Mosenthal makes the following summary of his findings: 

*'The nephritic test-meal, as suggested by Hedinger and Schlayer, 
and elaborated in this paper, has not only proved itself to be an ad- 
mirable test for renal function, but also in many cases has been of 
great value in diagnosing cardiac, renal and other conditions. Much 
pleasure and profit may be derived from a study of diseases of the 
kidney from this point of view, since it forms a basis for a rational 
therapy and a stimulus toward keener clinical operation." 

The test is a quantitative one of the mode of urinary function as 
measured by the specific gravity, salt, nitrogen and water excretion 
in two-hourly periods during the day and for a twelve-hour period at 
night. The normal individual yields specimens with specific gravity 
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figures which vary ten points or more from the highest to the lowest; 
a night urine is high in specific gravity, 1.018 or more, high in its per- 
centage of nitrogen, above 1 per cent., and small in amount, 400 c.c. 
or less. The quantities of water, salt and nitrogen excreted approxi- 
mate the intake. When kidney function becomes involved, the first 
signs are usually demonstrated in the night urine, the quantity becomes 
increased; the specific gravity and the nitrogen concentration are low- 
ered. Oiie or all of these changes from the normal may occur. In 
severe cases of chranic nephritis, an advanced degree of functional in- 
adequacy of the kidney is indicated by a markedly fixed and low 
specific gravity, a diminished output of both salt and nitrogen, a 
tendency to total polyuria and a night urine showing an increased 
volume, low specific gravity and low concentration of nitrogen. Such 
functional pictures, however, are not confined to nephritis. They are 
found regularly in many other conditions: pyelitis, cystitis, hyper- 
trophied prostate, marked anemia, pyelonephritis, polycystic kidney, 
and diabetes insipidus. The cause of diminished renal function, it is 
clear, must be sought for in many directions — the urinary passages, 
the blood or the kidney itself. Prognosis and therapy will depend 
largely upon the cause of the fundamental impairment and not upon its 
degree. A divergence between the degree of functional renal involve- 
ment and the intensity of the signs and symptoms of nephritis is fre- 
quently found, and accentuates the lack of parallelism that there may 
be between functional and anatomical lesions. 

In chronic diffuse {parenchymatous) nephritis, the condition of renal 
function is characterized by its variability. In these instances, the 
results of the test-meal have proved to be extremely valuable in giving 
an idea of the status of the salt, nitrogen and water excretion, besides 
the picture of renal efficiency as a whole. The findings in myocardial 
insufficiency vary according to the activity of the heart. Distinct dif- 
ferences are found in myocardial decompensation and the accumula- 
tion of edema, in the period of eliminating edema, and subsequently, 
when the cardiac compensation is again fully established ; it requires some 
time before the kidney resumes its normal activity. This intervening 
period is indicated by a tendency to a low, fixed specific gravity and 
a nocturnal polyuria. During the period of full myocardial decompen- 
sation the results of kidney activity are very characteristic, the specific 
gravity is markedly fixed at the level of about 1.020, the salt output is 
diminished, that of nitrogen is high — in marked contrast to the salt — 
and there is oliguria. When chronic nephritis and cardiac decompen- 
sation coexist, as they so often do in hypertensive nephritis, the urine 
may exhibit the characteristics due to either lesion. The determining 
factor is probably to be found in the chronic nephritis which may or 
may not be so far advanced as to present an unchanging barrier to 
the influence of renal congestion. 

Ollara found that, in general, salt excretion is impaired before 
there is much disturbance of water and nitrogen excretion. In most 
patients salt and water excretion behave very similarly; the nitrogen 
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excretion is greatly impaired, as a rule, only in the severe cases. Salt, 
water and nitrogen excretion show some disturbance in even the very 
mild cases in which phenolsulphonephthalein excretion is normal and 
there is no increased blood nitrogen. These dietary tests cannot be 
used in all cases of chronic nephritis. They cannot be carried out in 
those that are very severe. The methods involving the determinations 
of the indices of excretion of urea and salt do not have a number of 
the difficulties met with in carrying out the dietary tests. These indices 
were determined in fifteen cases in which both dietary tests were carried 
out, and the indices seem to give as much information as the other 
tests and to possess distinct advantages, inasmuch as they can be de- 
termined for practically every patient and require considerably less 
time and less labor in their execution. According to the author, the 
great advantage of all three of these tests is that they give informa- 
tion as to disturbance of renal functions in those mild cases in which 
phenolsulphonephthalein excretion is normal and the blood-urea-nitrogen 
is not increased. 

Griessmann has made exact studies of the excretion of water, sodium 
chlorid and nitrogen in a small series of nephritis. The patients were 
placed on a diet of rice, condensed milk, and raspberry juice. The diet 
was analyzed for its contents in the above-mentioned constituents and 
the patients were kept on it until they had reached a state of equi- 
librium. Each' experiment was divided into four periods: (1) The pre- 
liminary period in which the patient was kept on a milk or milk-rice 
diet until there was equilibrium in nitrogen, sodium chlorid, and water. 
(2) During the second period, the patient received the standard diet 
plus 20 grams of sodium chlorid. The additional salt dissolved in 400 c.c. 
of water was given only on the first day of this period. (3) In the 
third period, one or two liters of water were added to the standard 
diet. The extra water was also given only on the first day of the period. 
(4) In the fourth period, the patient received the standard diet plus 
20 grams of urea dissolved in 250 c.c. of water on the first day. Two 
of the patients had markedly contracted sclerotic kidneys, as autopsy 
proved. Two suffered from arteriosclerotic renal changes, while the 
fifth had chronic glomerulonephritis. The changes in water excretion 
were the least noticeable. Defect in the excretion of sodium chlorid 
was found in all of the cases, being especially marked in one of the 
cases of interstitial nephritis. In the jother cases there was a moderate 
delay in excretion. The urea excretion was studied in only three cases. 
A marked delay was noted in one of these also, a patient with con- 
tracted kidneys. The experiments show, Griessmann says, that as a 
rule disturbances in excretion of sodium chlorid and nitrogen are com- 
bined. Nevertheless, there are cases in which the disturbance of func- 
tion chiefly affects only the salt or the urea. Thus the classification of 
renal diseases on the basis of excretion of salt and urea (Widal, Miiller) 
seems justifiable. 

The accompanying tables (Tables 2-14) are taken from Mosenthal's 
work: 
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Table 2. — ^Nobmal Rxaction to Nkphritic Test-Mkal.* 



Time of Day 


Urine 


Sodium Chlorid 


Nitrogen 

• 


c.c. 


Sp. Gr. 


Per Cent. 


Grams 


Per Cent. 


Grams 


8-10 


153 
156 
194 
260 
114 
238 


1.016 
1.019 
1.012 
1.014 
1.020 
1.010 


1.32 
1.25 
0.64 
0.77 
0.99 
0.43 


2.02 
1.95 
1.24 
2.00 
1.13 
1.02 


0.89 
0.74 
0.59 
0.56 
0.95 
0.52 


1.26 


10-12 


1.15 


12-2 


1.14 


2-4 


1.46 


4-6 


1.08 


6- 8 


1.235 






Total day 


1,115 
375 


i.626 


'6;63 


9.36 
2.36 


'i!23 


7.32 


Niffht. 8-8 


4.61 






Total, 24 hours 

Intake 


1,490 
1,760 






11.72 
8.5 




11.93 
13.4 






Balance 


+270 






—3.22 




+1.47 







1 Impression: Normal reaction to the nephritic test-meal. Note the variations 
occurring in the fluid output, and the specific gravity, which are in inverse ratio; the 
night urme, which is small in amount and shows a high specific gravity and a high 
percentage of nitrogen ; and the approximately normal output of water, salt and 
nitrogen in twenty-four-hours. 



Table 3. — Coicpabison of Night and Day Urines in Normal Indiyiduals.^ 



Case 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 



Night Urine (12 Hours) 



Specific 
Gravity 



1.020 
1.017 
1.027 
1.019 
1 018 
1.018 
1.019 
1.018 
1.026 
l.a30 
1.029 
1.025 



Nitrogen 
(Per Cent.) 



1.23 
1.20 
2.07 
1.12 
1 03 
1.43 
1.14 
1.08 
1.42 
1.58 
1.85 
1.23 



Volume 
(c.c.) 



375 
352 
290 
350 
390 
361 
355 
402 
277 
210 
213 
248 



Day Urine 
(12 Hours) 



Volume 
(c.c.) 



1,105 
1,796 

634 
1,032 
1,945 
1,413 
2,156 
2,446 

806 
1,496 

468 

861 



iThe nitrogen percentage, specific gravity and volume for the night urines of 
normal individuals on nephritic test-diet. Note the high percentage of nitrogen, 
high specific gravity and the small volume of urine, as compared to the day specimen. 
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Tablb 4. — Spkctfic Ghavitt or Ubineb Collected 


IN Two-HouHLT Pbriom. 


Case 


Specifia Gravity' 


Degrees of 
Variation 

in 
Readings 




19 

18 
18 
19 
11 
12 
10 
05 
25 
Od 
12 
00 

18 

25 

12 

OS 
10 
10 
04 

10 

11 


19 

14 
09 
17 
20 
11 
11 
09 

oe 

is 
11 

10 

20 

24 

15 

06 
10 
10 
04 
10 
12 


12 
09 
16 

la 

20 
10 

n 

10 
07 
24 
15 
14 
12 

10 

u 

10 

11 

10 
10 
06 
10 
12 


14 
10 
2'2 

i:i 

20 
11 
11 
09 
OS 
33 
17 
11 
10 

18 

25 

IS 

09 
11 

10 
(M 
10 
13 


20 

14 
13 
13 
21 

12 

09 

28 
12 
13 
12 

20 

24 

13 

09 
10 
10 
04 
U 
12 


10 

06 
10 
15 
20 

11 
13 
10 
OS 
30 
07 
11 
10 

21 

21 

ID 

10 
10 
11 
04 
11 
12 


10 

8 
11 
5 
2 

2 
1 
3 
9 
10 

1 


Incipieat primary contracted kidney 

Incipient priramy contracted kidney 

Advancing primarj' contracted kidney. . . 
Advancing primary contracted kiilney. . . 
Advanced primary contracted kidney. . . 
Advanced primary contracted kidney. . . . 
Advanced primary contracted kidney, . . . 

Advanced nrimiiry contracted kidney 

Incipient cbronic diffused nephritis 

Incipient chronic diffiwed nephritis 


Congested kidney; myocarial deeompen- 


Congeflted kidney; moderate myocardial 






6 
6 


Conee^ed kidney; cardiac compensation; 














1 







' Variations or Bpecifli" (travity in the day iirincB collei'tej in two-hourly intervals. 
Note the fixed specific gravity of the Bcvere cases of nephritis. Only the last two 
Sgures of each reading are given. 
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Table 5. — Showing the Constanct of Noctdknal Polyuria and Low Specific 
Qratitt in the Umnb of a Case of Advanced Chronic Diffused Nephritis. 





Volume of Urine (c.c) 


Specific Gravity of Urine * 




Day 


Night 


Day 


Night 

m 




1,390 


560 


12 


10 




935 


710 


12 


11 




1,010 


760 


11 


10 




1,122 


705 


10 


10 




790 


790 


10 


10 




908 


1,110 


11 


10 




880 


1,184 


11 


10 




1,020 


1,360 


12 


09 




1,075 


1,120 


11 


10 




1,140 


1,255 


10 


10 




1,375 


730 


12 


11 




1,600 


1,160 


12 


10 




1,525 


1,090 


12 


11 




1,400 


1,260 


11 


10 




1,146 


1,100 


11 


12 




1,940 


1,060 


10 


09 




1,280 


1,520 


10 


09 




1,640 


1,400 


10 


10 




1,370 


1,370 


11 


10 




1,480 


1,480 


18 


18 




1,340 


1,680 


19 


17 




1,410 


1,340 


10 


10 




1,480 


1,410 


12 


10 




1,185 


1,610 


10 


08 



lOnly two last figures are given. 



Table 6. — Nephritic Test-meal in a Case of Chronic Diffuse (Parenchtmatous) 

Nephritis.' 



Time of Day 



Urine 



c.c. 



8-10 

10-12 

12-2.; 

2-4 

4-6 

6- 8 

Total day 

Night, 8-8.... 

Total, 24 hours 
Intake 

Balance 



32 

54 
64 
64 
66 



280 
595 



875 
1,760 



+885 



Sodium Chlorid 



Nitrogen 



Sp. Gr. 



1.025 

• • • ■ • 

1.024 
1 033 
1.028 
1.030 



1.016 



Per Cent. 



0.18 
0.08 



Grams 



0.50 
0.48 



0.98 
8.50 



+7.52 



Per Cent. 



1.91 
0.93 



Grams 



5.34 
5.53 



10.87 
13.40 



+2.53 



^ Impression : There is marked salt and water retention ; the excretion of nitro- 
gen is ade<]|uate. The variations in specific gravity distinguish this case from one 
of cardiac insufficiency, and indicate that renal function as a whole is not seriously 
impaired. 
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Table 7. — Nephbttic Test-meal in the Same Cass as Pbevious Table Some Time 

Lateb.' 



Time of Day 


Urine 


Sodium Chlorid 


Nitrogen 


c.c. 


Sp. Gr. 


Per Cent. 


Grams 


Per Cent. 


GiamB 


8-10 


137 
148 
108 
184 
96 
470 


1.015 
1.016 
1.016 
1.015 
1.015 
1.004 


0.82 
0.82 
0.78 
0.57 
0.48 
0.30 


1.12 
1.11 
0.84 
1.04 
0.46 
1.45 


0.70 
0.80 
0.79 
0.79 
0.79 
0.25 


0.95 


10-12 


1.18 


12-2 


0.85 


2-4 


1.46 


4-6 


0.76 


6- 8 


1.18 






Total day 


1,143 
960 


i!6i6 


• • • . • 

0.34 


6.02 
3.26 


6!38 


6.38 


Night. 8-8 


3.65 






Total, 24 hours 

Intake 


2,103 
1,760 






9.28 
8.50 




10.03 
13.40 






Balance 


—343 




• 


—0.78 




+3.37 







1 Water and salt are excreted in excess in contrast to previous meal. The 
polyuria, both during the day and night and the rather low fixed specific gravity, 
are due to the fact that this patient is eliminating edema, and must not be con- 
founded with similar curves obtained in case of high hypertensive nephritis, where 
they would indicate a considerable degree of impaired renal function. On physieal 
examination, the two conditions can very easily oe distinguished from one another. 



Table 8. — ^Nitrooen, Salt and Water Excretion in Advanced Uncompucatbd 

Interstitial Nephritis.^ 





Urine 


Sodium Chlorid 


Nitrogen 


Case 


Volume 
(c.c.) 


Specific 
Gravity 


Per Cent. 


Grains 


Per Cent. 


Grams 


1 


776 
1,282 
1,276 
1,535 
1,873 
1,541 
1,665 


1.014 
1.013 
1.012 
1.009 
1.011 
1.010 
1.009 


0.37 
0.29 
0.42 
0.35 
0.41 
0.30 
0.12 


2 88 
3.69 
5.41 
5.34 
7.64 
4.70 
2.00 


0.66 
0.52 
0.49 
0.42 
0.14 
0.30 
0.09 


5.08 


2 


6.71 


3 


6.28 


4 


6.51 


5 


2.59 


6 


4.64 


7 


1.50 







1 The approximate intake was 1,760 c.c. of fluid, 8.5 grams of salt and 13.4 
grams of nitrogen in each case. 
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Table 9. — ^Ttpes of Cases Otheb Than Chbonic iNTERarrnAL Nephritis, Whose 
Urine Gives Evibence of Abnormal Nocturnal Excretion. 



Disease 



1. Chronic diffuse nephritis during 

(a) Water retention (edema formation) 



(6) Elimination of edema 



(c) Water balance (edema eliminated) 



2. Heart disease during 

(a) Myocardial decompensation , 



(6) Elimination of edema 



Night Urine 



Volume 
(c.c.) 



(c) Water balance (edema eliminated) 



3. Hypertensive nephritis, compUcated by myo- 
cardial decompensation 



4. Severe anemia 



5. Cystitis and hypertrophied prostate gland 



6. Pyelonephritis. . . . 

7. Polycystic kidney . 

8. Diabetes insipidus , 



595 
553 
367 
270 
106 

960 
960 
950 

865 
490 
400 

275 

172 

119 

91 

1,340 
990 
850 
720 

520 
515 

438 

815 
546 
435 
405 
350 
108 

1,250 
680 
256 
180 

1,395 

1,146 

775 

950 

1,290 

594 



Specific 
Gravity* 



16 
16 
20 
30 
28 

11 
10 
14 

13 

14 
17 

21 
21 
25 
20 

11 
13 
10 
07 

14 
11 
12 

18 
17 
16 
18 
19 
18 

10 
10 
11 
16 

09 
10 
11 

10 

10 

07 



Per Cent. 
Nitrogen 



0.93 
0.62 
0.88 

• • • • 



0.47 
0.73 

0.75 
1.01 
1.17 

1.85 
1.67 
1.82 
1.68 

0.51 
0.56 
0.28 
0.35 

0.84 
0.53 
0.67 

0.94 
68 
0.51 
1.07 
1.12 
1.09 

0.51 
0.52 
0.57 
0.39 

0.43 
0.36 
0.44 

0.45 

0.45 

0.20 



* Last two figures only. 
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Table 10. — ^Nephbitic Tear-itsjiL in an Inditidcal with a Suobt Oraob op Albu- 
iQNUBiA, A Few Casto, But No Other Signs or NEPHBrns.' 





Urine 


Sodium Chlorid 


Nitrogen 


Time of Day 


Volume 
(c.c.) 


Specific 
Gravity 


Per Cent. 


Grams 


Per Cent. 


Grams 


8-10 


65 

67 

90 

126 

146 

172 


1.020 
1.021 
1.020 
1'.019 
1.015 
1.013 






• • • • • 




10-12 




12-2 




2-4 




4r- 6 




6-8 








Total dav 


666 
660 


• • • . • 

1.011 


0.64 
0.52 


4.26 
3.43 


1.05 
0.71 


6.99 


Night, 8-8 


4.69 






Total, 24 hours 

Intake 


1,326 
1,760 






7.69 
8.50 




11.68 
13.40 






Balance 


+434 






+0.81 




+ 1.72 







1 The concentration of urine, as indicated by the specific gravity and 
the percentage figures of sodium chlorid and nitrogen, is satisfactorily high. The 
total amounts of fluids and solids eliminated may also be considered normal. How- 
ever, the urinary volume and specific gravity do not vary after the ingestion of 
meals as they should, and the night urine shows a distinct nocturnal polyuria with a 
low specific gravity. The whole picture^ therefore, represents a moderately im- 
paired renal function. 



Table 11. — Reaction to Nephritic Test-meal in Advanced Htpertensivb 

Nephritis.^ 





Urine 


Sodium Chlorid 


Nitrogen 


Time of Day 


Volume 
(c.c.) 


Specific 
Gravity 


Per Cent. 


Grams 


Per Cent. 


Grams 


8-10 


1.33 
176 
156 
212 
164 
104 


1.010 
1.009 
1.010 
1.009 
1.009 
1.010 


0.36 
0.36 
0.32 
0.36 
0.38 
0.33 


0.48 
0.63 
0.50 
0.76 
62 
0.34 


0.35 
0.34 
0.35 
0.34 
0.36 
0.33 


0.47 


10-12 


0.60 


12- 2 


0.55 


2-4 

4r- 6 


0.72 
0.59 


6-8 


0.34 






Total day 


945 
590 


iioio 


'6!34 


3.33 
2.01 


'6!38 


3.27 


Night. &-S 


2.24 






Total, 24 hours 

Intake 


1,535 
1,510 






5.34 
5.80 




5.51 
12.20 






Balance 


—25 






+0.46 




+6.69 







1 There is very marked fixation of the percentage figures for nitrogen and salt 
concentration and the specific gravity. There is evident nitrogen retention. The 
salt intake is too low to make it certain that a diminished ability to excrete salt 
does not exist. 
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Table 12. — ^Reaction to Nephritic Test-heal in EbcTBEio: iNTEBSimAi. 

Nephritis.' 





Urine 


Sodium Chlorid 


Nitrogen 


Time of Day 


Volume 
(c.c.) 


Specific 
Gravity 


Per Cent. 


Grams 


Per Cent. 


Grains 


8-10 


24 

106 

82 

83 



230 


1.005 
1.006 
1.007 
1.008 

iioos 











10-12 




12-2 




2- 4 




4-6 




6- 8 








Total dav 


525 
1,140 


1.007 


0.12 
0.12 


0.63 
1.37 


0.25 
0.20 


1.28 


Night. 6^ 


2.27 






Total, 24 hours 

Intake 


1,665 
1,850 






2.00 
6.00 




3.55 
13.00 






Balance 


+185 






+4.00 




+9.45 







1 Note the low fixed specific gravity, the retention of salt and nitrogen, and the 
night urine, which is increased in amount, shows a low specific gravity and a low 
nitrogen concentration. 

When there is passive congestion of the kidney due to myocardial 
insufficiency, the amounts of water and sodium chlorid eliminated are 
much diminished, while the nitrogen excretion remains approximately 
normal. An extreme case of this kind was found in L., who, on autopsy, 
proved to have cardiac decompensation, brought on by a severe ffrade 
of myocarditis, thrombosis of the coronary arteries and infarcts in the 
myocardium ; the kidneys showed congestion only ; urinary tests in this 
patient yielded the results shown in Table 13. 

Table 13. — ^Results of Urinart Tests in Marked Mtocardial Insufficiemct 

(Patient L.) 





Urine 


Sodium Chlorid 


Nitrogen 


Day 


Volume 
(c.c.) 


Specific 
Gravity 


Per Cent. 


Grams 


Per Cent. 


Grama 


1 


850 
770 
545 
420 


1.022 
1.022 
1.025 
1.025 


0.02 
0.04 
0.03 
0.02 


0.17 
0.31 
0.16 
0.08 


1.76 
1.74 
1.56 
1.56 


14.0 


2 


13.4 


3 


8.5 


4 


6.6 







In such instances, the minimal concentration of salt and the high 
percentage of nitrogen indicate the very limited ability of the kidnqr 
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to eliminate sodium chlorid, while the power to excrete nitrogen remains 
normal, provided a reasonable amount of urine is secreted. 

Milder grades of myocardial decompensation yield similar results, 
though the sodium-chlorid elimination is not diminished to the same 
extent. These and two similar cases may be summarized in Table 14. 

Table 14. — Summary of Urine Tests in Cases of Myocardial Decompensation.i 





Urine 


Sodium Chlorid 


Nitrogen 


Case 


Volume 
(c.c.) 


Specific 
Gravity 


Per Cent. 


Gramn 


Per Cent. 


Grams 


1 


540 
573 

484 
446 


1.020 
1.019 
1.022 
1.018 


0.25 
0.28 
0.52 
0.61 


1.34 
1.62 
2.53 
2.72 


1.44 
1.76 
1.58 
1.38 


7.78 


2 


10.08 


3 

4 


7.64 
6.15 







* The low percentage of salt and the oliguria, as compared with the high con- 
centration of nitrogen, are very strikingly shown in the above table. 

Determination op CnLORms. — Chlorids may be determined in the 
urine by the following methods as described by Hawk : 

(a) Volhard- Arnold Method. — Principle. — The urine is acidified with 
nitric acid and the chlorids precipitated with a measured excess of 
standard silver-nitrate solution. The silver chlorid form is filtered off 
and the filtrate, the excess silver nitrate, is titrated back with standard 
ammonium thiocyanate solution. Ferric ammonium sulphate is used 
as an indicator. A red color due to the formation of ferric thiocyanate 
indicates that an excess of thiocyanate is present and that the end point 
has been reached. 

Procedure, — Place 10 c.c. of urine in a 100 c.c. volumetric flask; add 
20-30 drops of nitric acid (sp. gr. 1.2) and 2 c.c. of a cold saturated 
solution of ferric alum. If necessary, at this point a few drops of 8 per 
cent, solution of potassium permanganate may be added to dissipate 
the red color. Now slowly run in a known volume of the standard silver- 
nitrate solution (20 c.c. is ordinarily used) in order to precipitate 
chlorin and insure the presence of an excess of silver-nitrate. The 
mixture should be continually shaken during the addition of the stand- 
ard solution. Allow the flask to stand 10 minutes, then fill it to the 
100 c.c. graduation with distilled water and thoroughly mix the con- 
tents. Now filter the mixture through a dry filter paper, collect 50 c.c. 
of the filtrate and titrate it with standardized ammonium-thiocyanate 
solution. The first permanent tinge of red-brown indicates the end 
point. Take buret reading and compute the weight of sodium chlorid 
in the 10 c.c. of urine used. 

Calculation. — The number of c.c. of ammonium-thiocyanate solution 
used indicates the excess of standard silver-nitrate solution in the 50 c.c. 
of liquid filtered. Multiply this reading by 2, inasmuch as only one-half 
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of the filtrate was employed, and subtract this product from the num- 
ber of C.C. of silver nitrate (20 c.c.) originally used, in order to obtain 
the actual number of c.c. of silver nitrate utilized in the precipitation 
of the chlorid in the 10 c.c. of urine employed. 

To obtain the weight in grams of the sodium chlorid in the 10 c.c. 
of urine used, multiply the number of c.c. of the standard silver-nitrate 
solution actually utilized in the precipitation by 0.010. If it is desired 
to express the result in percentage of sodium chlorid move the decimal 
point one place to the right. 

In a similar manner the weight, or percentage of chlorin, may be 
computed, using the factor 0.006 instead of 0.010. 

Standard silver-nitrate solution may be prepared by dissolving 29.042 
grams of silver nitrate in 1 liter of distilled water. Each c.c. of this 
solution is equivalent to 0.010 gram of sodium chlorid or to 0.006 gram 
of chlorin. 

This solution is made of such a strength that 1 c.c. of it is equal to 
1 c.c. of the standard silver-nitrate solution used. To prepare the 
solution dissolve 13 grams of ammonium thiocyanate, NHSCN, in a 
little less than a liter of water. In a small flask place 20 c.c. of the 
standard silver-nitrate solution, 5 c.c. of the ferric alum solution and 
4 c.c. of nitric acid (sp. gr. 1.2) ; add water to make the total volume 
100 c.c, and thoroughly mix the contents of the flask. Now run in 
the ammonium-thiocyanate solution from the buret until a permanent 
red-brown tinge is produced. This is the end-reaction and indicates 
that the last trace of silver nitrate has been precipitated. Take the 
buret reading and calculate the amount of water necessary to use in 
diluting the ammonium thiocyanate in order that 10 c.c. of this solution 
may be exactly equal to 10 c.c. of the silver-nitrate solution. Make this 
dilution and titrate again to be certain that the solution is of the proper 
strength. 

(6) Volhard'Harvey Method. — Principle, — This procedure differs 
from the Volhard- Arnold method in that the excess of silver nitrate 
is titrated directly without filtering, and hence in the presence of the 
silver chlorid. The procedure is thus more rapid but the exact end 
point is more difficult to determine. 

Procedure. — Introduce 5 c.c. of urine into a small porcelain evap- 
orating dish or casserole and dilute with about 20 c.c. of distilled water. 
Precipitate the chlorids by the addition of 10 c.c. of standard silver- 
nitrate solution and add 2 c.c. of acidified indicator.* Now run in a 
standard ammonium-thiocyanate solution from a buret until a faint 
red-brown tint is visible throughout the mixture. This point may be 
determined readily by permitting the precipitate to settle somewhat. 
Calculate the sodium-chlorid value, as indicated below. 

• This is prepared as follows: To 30 c.c. of distilled water add 70 c.c. of 33 
per cent, nitric acid (sp. gr. 1.2) and dissolve 100 grams of crystalline ferric 
ammonium sulphate in this dilute acid solution. Filter and use the filtrate, which 
is a saturated solution of the iron salt. This single reagent takes the place of 
the nitric acid and ferric alum, as used in the Volhard-Arnold methods, and in- 
sures the use of the proper quantity. 
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(If a red tint is produced when the first drop of thiocyanate is 
added, an additional 10 c.e. of the standard silver-nitrate solution must 
be introduced. The titration should then proceed, as above described, 
and proper allowance made in the calculation for the extra volume of 
silver nitrate employed.) 

Calculation. — Since 2 c.c. of the ammonium-thiocyanate solution • is 
equivalent to 1 c.c. of the silver-nitrate solution, divide the buret read- 
ing by 2 and subtract the quotient from 10 c.c, the quantity of silver- 
nitrate solution taken. This value is the number of c.c. of silver-nitrate 
solution actually used. 

Experimental Polyuria. — (a) Sirauss-Oreenwald Method {Barton). 
— The patient takes no nourishment after 7 p. m. At 6.30 a. m. the fol- 
lowing morning a pint of water is ingested. The night urine is col- 
lected ; also that voided at 7, 8, 9, 10, and 11 a. m. The amounts and 
specific gravity of each portion are recorded. The patient remains in 
a reclining position during the time of the test. In normal cases an 
amount of urine is passed in the first 3 hours, equal to that which was 
drunk. That is, by 10 A. m. at least a pint is voided. At 8 a. m. the 
specific gravity is lowest. Variations in the amount voided, time re- 
quired, and specific gravity will indicate abnormal renal function. 

(6) Water Experiment of Kovesi and Roth-Schulz. — ^At noon the 
patient is allowed to drink 1.8 liters of Salvator water in the course of 
one hour. The amount of urine is then measured and its freezing point 
determined in the fractions voided every half hour during the next 
5 hours. 

In acute nephritis the quantity of urine generally diminishes con- 
siderably at the onset of the disease, and usually at the same time when 
edema is developed. This is most obvious in scarlatinal nephritis, in 
which the primary seat of the lesion is glomerular. In these cases it 
is only the incapacity of the kidneys that is responsible for the rapid 
diminution of diuresis. There is neither molecular nor hydrostatic pres- 
sure of the blood. Moreover, the oliguria is found to be independent 
of the supply of fluid. In the first severe stages of the disease this 
supply increases the edema, but not the diuresis, or only to a very in- 
sufficient extent. It is, therefore, quite useless to give the patient large 

* This is a solution of ammonium thiocyanate of such a strength that 2 c.c. is 
equivalent to 1 c.c. of the silver-nitrate solution. First make a concentrated solu- 
tion by dissolving 13 grams in 1 liter of water. To determine the requisite dilu- 
tion to make such a solution that 2 c.c. shall be equivalent to 1 c.c. of a silver- 
nitrate solution, proceed as follows: Introduce 10 c.c. of the silver-nitrate solu- 
tion into a small porcelain evaporating dish or casserole; add 30-50 c.c. of distilled 
water, 2 c.c. of the acid indicator; and titrate, as described above, with the am- 
monium-thiocyanate solution. The total volume of the concentrated thiocyanate 
solution excluding that used in the titration is divided by 10, and the result mul- 
tiplied by the difference between this buret reading and 20 c.c. This will give 
the volume of distilled water which must be added to the concentrated thiocyanate 
solution to render 2 c.c. equivalent to 1 c.c. of the silver-nitrate solution used in the 
precipitation of the chlorids. As 1 c.c. of the silver-nitrate solution is equivalent 
to 0.01 gram of sodium chlorid, the number of c.c. of silver-nitrate solution used, 
multiplied by 0.01 gram, will give the weight of sodium chlorid in the 5 c.c. por- 
tion of urine used. The weight of chlorin may be computed by using the factor 
0.006 instead of 0.01. 
VOL. TT.— 18 



274 



FUNCTIONAL DIAGNOSIS 



quantities of fluid in order to wash out the kidneys. Such a measure 
unnecessarily irritates an organ which is already impaired (von Noor- 
den). The spontaneous increase of diuresis is the first and surest sign 
of convalescence, or of transition into a chronic condition. Edematous 
fluid is excreted, and the kidneys at the same time begin again to react 
to the amount of liquid given. 

Example. — A girl of fourteen, with acute scarlatinal nephritis, has 
taken daily 1,500 c.c. of milk. To this was added 1 liter of weak tea on 
the third and seventh days of the observation. 



lay 


Quantity of Urine 


Extras 




c.c. 




1 


550 


• • 


2 


320 


• . 


3 


350 


1 liter tea 


4 


300 


• • 


5 


820 


• • 


6 


1,460 


• • 


7 


2,310 


1 liter tea 


8 


1,670 


• • 



**When the excretion of water and the reaction to the intake of 
water are lessened in cases of acute nephritis, it generally happens 
that the output of solid substances is also lowered (we are not here 
considering albumin). In chronic interstitial nephritis, on the other 
hand, it is frequently found that this parallel does not hold good. Thus, 
as long as oliguria persists in acute nephritis the valency figure (de- 
pression of the freezing-point in a sample of the total quantity of urine 
passed during twenty-four hours) is considerably below normal while 

Table 15. — Freezing-point of Urine. 





Average Hourly Diuresis 


Freezing-point Lowered 




Spontaneous 


After 1,800 c.c. 

Salvator Water 

During Three 

Hours 


Spontaneous 


After 1,800 c.c. 

Salvator Water 

During Three 

Hours 


Normal 


c.c. 
52 
91 


c.c. 
723 
103 


1.33*^-2.17*' 
O.W-0.75° 


0.09**-0.75** 


Acute nephritis 


0.53**-0.87'* 







the molecular concentration of any one sample may remain within the 
normal limits. The defective reaction to the amount of fluid taken is 
all the more striking when it is a question of the physical analysis of 
the urine. The freezing-point of the urine — that is, its molecular con- 
centration — ^varies hardly at all, whereas in healthy people that is not 
the case. Two examples given by G. Kovesi and W. Eoth-Schulz illus- 
trate this" (von Noorden). 
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Von Noorden considers that clinical experience justifies these au- 
thors in affirming that the defective adjustment of the kidneys to a 
varying water supply is an important clinical symptom. It is more 
characteristic of, and it is found more invariably in, cases of acute neph- 
ritis than either oliguria, hyposthenuria or oligochloruria. 

(c) Water Experiment of H. Strauss. — In the evening the patient 
is allowed to take a pint of milk soup (unsalted). The following 
morning he is told to drink 500 c.c. of water, on an empty stomach. 
The bladder is emptied before the beginning of the experiment, about 
10 p. M., and again at 5 a. m. For 5 hours following the ingestion of 
water at 6 a. m., no food or fluid is permitted. The amount of urine, 
the lowering of the freezing-point, and the sodium-chlorid content are 
determined. 

Under normal circumstances, the polyuria appears within the first 
half hour, reaching its maximum at this time, and quickly sinking. The 
content of solids becomes less, and the depression of the freezing-point 
(A) becomes less. With an incapacitated organ the excessive excretion 
of the water is delayed or does not take place and the cryoscopic de- 
termination will be altogether abnormal. 

(d) Opsiuria Test. — Opsiuria, designating retarded urine excretion, 
is determined by the opsiuric test. The patient has his supper at 7 p. m., 
after which he may not take any more fluid. At 7 a. m. he empties his 
bladder, after which he takes 500 c.c. of ordinary drinking water, but 
nothing else (either to eat or drink) until 12 o'clock (noon). Punc- 
tually at 8, 9, 10, 11 and 12 o 'dock the patient is asked to urinate. The 
amount of urine voided at each micturition is measured. At noon the 
test is finished. Normally, the urinary esTcretion increases pretty rap- 
idly until the end of the second hour, after which it decreases rather 
quickly. SzoUosy's observations showed that the opsiuric test is not 
only of value in the recognition of disturbances in the portal circulation 
— for the testing of which Gilbert and LerebouUet had especially intro- 
duced this method — but that it possesses a certain diagnostic value in 
other respects. By its employment the motor insufficiency of the stom- 
ach may be determined; the method may also be of value in recog- 
nizing certain disturbances of the circulation, particularly in begin- 
ning decompensation. It is of import in functional renal diagnosis. 

2. Physical Methods for Testing Composition of the Urine. — 
For the determination of the freezing-point the following process may be 
used (Hawk). 

Freezing-point (Cryoscopy). — The freezing-point of a solution de- 
pends upon the total number of molecules of solid matter dissolved in 
it. The determination of the osmotic pressure by this method has come 
to be of some clinical importance, particularly as an aid in the diagnosis 
of kidney disorders. In this connection it is best to collect the urine 
from each kidney separately and to determine the freezing-point in the 
individual samples so collected. By this means, considerable aid in the 
diagnosis of renal diseases may be secured. The fluids most frequently 
examined cryoscopically are the blood and the urine. The freezing- 
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point is denoted by A. The value of the freezing-point for normal 
urine varies ordinarily between —1.3** and —2.3** C, the freezing-point 
of pure water being taken as 0**. A is subject to a very wide fluctuation 
under unusual conditions. For instance, following copious water, or beer 
drinking, the freezing-point may have as high a value as —0.2** C, 
whereas on a diet containing much salt and deficient in fluids the value 
may be lowered to —3** C. or even lower. The freezing-point of normal 
blood is generally about —0.56** C. and is not subject to the wide varia- 
tions noted in the urine, because of the tendency of the organism to main- 
tain the normal osmotic pressure of the blood under all conditions. 
Variations between —0.51** and — 0.62** C. may be due entirely to a 
dietary condition, but if any marked variation is noted it can, in most 
cases, be traced to a disordered kidney function. 

Freezing-point determinations may be made by means of the Beck- 
mann-Heidenhain apparatus (Fig. ^) or the Zikel pektoscope. The 
Beckmann-Heidenhain apparatus consists of the following: A strong 
battery jar or beaker (C) furnished with a metal cover, which is pro- 
vided with a circular hole in its center. This strong glass vessel serves to 
hold the freezing-mixture, by means of which the temperature of the 
fluid under examination is lowered. A large glass tube (B) designed as 
an air-jacket, and formed after the manner of a test-tube is intro- 
duced through the central aperture in the metal cover, and into this air- 
jacket is lowered a smaller tube (A) containing the fluid to be tested. 
A very delicate thermometer (D), graduated in hundredths of a degree, 
is introduced into the inner tube and is held in place by means of a 
cork, so that the mercury bulb is immersed in the fluid under examina- 
tion but does not come into contact with any glass surface. A small 
platinum wire stirrer serves to keep the fluid under examination well 
mixed while a larger stirrer is used to manipulate the freezing mix- 
ture. (Bock salt and ice in the proportion 1 : 3 form a very satisfac- 
tory freezing mixture.) 

In making a determination of the freezing-point of a fluid by means 
of the Beckmann-Heidenhain apparatus proceed as follows: Place the 
freezing mixture in the battery jar and add water (if necessary) to 
secure a temperature not lower than 3** C. Introduce the fluid to be 
tested into tube A, place the thermometer and platinum wire stirrer 
in position, and insert the tube into the air-jacket, which has previously 
been inserted through the metal cover of the battery jar. Manipulate 
the two stirrers in order to insure an equalization of temperature and 
observe the course of the mercury column of the thermometer very 
carefully. The mercury will gradually fall, and this gradual lowering 
of the temperature will be followed by a sudden rise. The point at 
which the mercury rests after this sudden rise is the freezing-point. 
This rise is due to the fact that, previous to freezing, a fluid is always 
more or less over-cooled and the thermometer temporarily registers a 
temperature somewhat below the freezing-point. As the fluid freezes, 
however, there is a very sudden change in the temperature of the liquid, 
and this change is imparted to the thermometer and causes the rise, as 
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indicated. It occasionally occurs that the fluid under examination is 
very much over-cooled and does not freeze. Under such circumstances, 
a small piece of ice is introduced into it by means of the side tube noted 
in the figure. This so-called ''inoculation" causes the fluid to freeze 
instantaneously. 




Fig. 40. — Beckmann-Heidenhain Freezing-point Apparatus (Long). 

Ay the tube in which the mixture to be observed is placed; B, the outside or air- 
mantle tube; C, the containing jar; D, thermometer. Two stirrers are shown, one 
for the cooling mixture in the jar and one for the experimental mixture. 



According to Bugarsky a certain relation exists between the freez- 
ing-point depression and the specific gravity, namely: 

The equation, where S represents specific gravity, has no general 
application, and, according to Steyrer, is only approximate for normal 
urines. The validity of the relation found by Bugarsky between the 
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electrical conducti\nty and the ash content of the urine seems also 
to require further proof. 

Cbyoscopy of the Urine (Method of Dreser and of Koranyi). — The 
method for the determination of the depression of the freezing-point 
(A) of the urine has already been described (see p. 276). 

Von Xoorden says: **The hopes aroused by Dreser's and Koranyi 's 
admirable work have vanished within a few years." 

The urine contains organic and inorganic molecules in true solu- 
tion. As a resuUi its freezing-point is lower than that of water. The 
difference may be expressed by the sign A. In the mixed urine of 
twenty-four hours, the lowering of the freezing-point was found in 
healthy persons to vary between — 0.87° and —2.43°. Examination 
of individual samples showed even greater variations. In consequence 
of the uniform relations which exist between the number of dissolved 
molecules in a solution and the freezing-point, the latter affords a con- 
venient test for its molecular concentration. If this is increased, the 
condition is termed hypersthenuria, and if lowered, hyposthenuria. If 
the amount of the lowering of the freezing-point is multiplied by the 
quantity of the urine, a value for the total molecular output results. 
This product (A quantity of urine) is termed ** valency value," as sug- 
gested by Strauss. In healthy people it varies considerably — from about 
1,000 to 3,500. Pathological deviations, above or below, are denoted 
by the terms polyvaluria and oligovaluria respectively. It is convenient 
for many purposes to reckon the valency value in terms of its sodium- 
chlorid equivalent. 

valencv value 

The quotient -^r-^ enables one to determine approximately 

bl.o 

how many grams of sodium chlorid must be contained in the urine in 
order to produce the given freezing-point. If this estimate has been ar- 
rived at, and the true sodium-chlorid content of the urine determined, 
it is possible by subtraction (sodium-chlorid equivalent — sodium-chlorid 
content) to arrive at the sum-total of the other urinary substances in 
solution.* 

Quantity of urine = 1,500 c.c. 

A = 1.40° 

Valency = 2,100 

NaCl equivalent = 2,100 -f- 61.3 = 34.2 grams 

NaCl in urine = 10.8 

NaCl equivalent of the other dissolved 

constituents = 34.2 — 10.8 = 23.4 grams 

* The doubtful element in estimating the NaCl equivalents lies in the fact that all 
urines have the same degree of dissociation of a 1 per cent, solution of sodium 
chlorid (A. Steyrer) for all their inorganic molecules. Urine which has been diluted 
to one-tenth of its usual density promises more accurate values as regards the de- 
termination of the freezing-point and the estimation of its products because, with 
this degree of dilution, the dissociation of all salts has reached a definite constant 

. X V m. ^ 1 ij XI- J A X total quantity of urine X 1^ 
(Zangemcister). The formula would then read ^^--^ -^ — ^-^ ^ — 

Very concentrated urine must be diluted from fifteen to twenty times, and the mul- 
tiplication figure altered correspondingly. The figures 0.613 in the divisor indi- 
cate the lowering of the freezing-point in a 1 per cent. NaCl solution. 
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In normal urine the determination of the freezing-point is hardly 
more instructive than the specific gravity. The latter also depends 
upon the degree of concentration, and this fact and the quantity of 
urine may be very important factors in determining the total excretion 
of solid substances (Haser's Coefficient). If, however, the urine con- 
tains albumin the position is altered. The specific gravity will be 
greatly affected by the large and heavy albumin molecules, but the 
freezing-point hardly at all — e.g., 2 per cent, of urea lowers the freez- 
ing-point of water by 0.616°, 2 per cent, of albumin by only 0.0037**. 
Hence cryoscopy is a better test than the specific gravity of the out- 
put of extractives (salts and organic products of metabolism) in urine 
containing albumin. But cryoscopy has also its dark side, and is a 
fruitful source of error. This is due to the dissociation which takes 
place in watery solutions of salts. The greater the dilution, the greater 
the dissociation of salts. The dissociated NaCl molecule acts, not 
as one, but as two units; the dissociated NasSO^ molecule not as one, 
but as three units, on the osmotic pressure (freezing-point). In dilute 
urine the freezing-point will be relatively lower than in concentrated 
urine, and though the amounts of solid substances may be absolutely 
equal (urea NaCl, and other salts, etc.), the product of the depression 
of the freezing-point multiplied by the quantity of urine (the important 
valency value) will be considerably higher in dilute than in conoen- 
trated urine. Although Koeppe has already pointed out the sources of 
error, practical cryoscopy has not taken them into consideration. They 
account for many apparent contradictions. Zangemeister has recently 
recommended that each specimen of urine should be diluted until the 
dissociation degree has reached a definite and approximately constant 
maximum before the cryoscopic determination is made. For this, dilu- 
tion of from 10 to 15 times the volume of distilled water is sufficient. 

The following example shows the effect of this method: For undi- 
luted urine (1,216 c.c.) a valency value of 1,012 was found, and after 
dilution one of 1,189 was found. Zangemeister 's suggestion is well worth 
considering. At all events, he excludes the most important source of 
error in cryoscopic determinations. 

The Hemorenal Index. — The electrical conductivity of the urine in 
health and disease was first studied by Turner, who has given the name 
** hemorenal index" to the relation of the concentration of total electro- 
lytes in the urine to that in the blood. Normally this relation is as 
2.08 : 1, and the hemorenal index is, therefore, 2.08. According to Brom- 
berg, there is a disturbance in the excretion of electrolytes in renal 
disease which is apparent early in its course. A hemorenal index under 
2 is significant of early disease of the kidneys. He has suggested this 
method as a means of determining the functional sufficiency of the 
individual kidney by ureteral catheterization. 

In 1913, Bromberg reported that ureteral catheterization is super- 
fluous. When the hemorenal index is 2, the kidneys are either healthy, 
or only one of them is diseased. This fact can be determined by 
cystoscopy or chromocystoscopy. If the index is less than 2, bilateral 
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diN/^nm f>f the Icidn'^ exurtn. If the index is lew than 1^, wfaaterer Uk 
roii'liliori in, it in inoperable (Barker). 

d) ApparatuB and Method in General (Fig. 41). — The method of 
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binding screws. The circuit of the bridge is made complete by means 
of a metallic wire, which passes through each of the binding screws and 
finally to the resistance solution, W, and the comparison resistance, K. 
To the binding screw between W and R is fastened a telephone wire, 
the other end of which leads to a movable metallic slide on the bridge. 

By closing the circuit the element is set in operation, and the slide 
can be placed at such a position on the bridge that no current will 
pass through that part of the conductor in which the telephone is intro- 
duced. 

The interposed telephone furnishes a means of determining the proper 
adjustment, instead of the galvanometer or dyuamometer, in that when 




Fio. 42.— DiAOiuM or Apparatus fob thb Detkkuikatiok or CotmucnnTT or 
Electboltteb. 



the slide is at the proper position the telephone is either silent or pro- 
duces a minimum tone which is augmented by moving the slide in 
either direction on the scale of the bridge. 

From the position of the slide corresponding to the minimum tone, 
we deduce, by means of Kirchhoff's laws," the proportion W: 11 = a:b, 

W is the resistance of the liquid and the electrode vessel ; R is the 
interposed comparison resistance; a and b represent the number of 
divisions on the scale of the bridge, to the left and right of the slide 
when properly adjusted. The unknown resistance of the liquid or 
the reciprocal value, the electric conductivity, may be calculated from 
the above proportion. 

(2) The Apparatus in Detail.— The Element (Fig. 43).— A small 
Bunsen chromie-acid element is sufficient. For the preparation of 1 liter. 

indei, Otbrkia, 1885 (1); EohlrBUBch, 



282 



FUNCTIONAL DIAGNOSIS 



of Bolution, 92 grams of pulverised potassium bichromate (or a corre- 
sponding quantity of the more soluble sodium salt) and 94 c.c. of con- 
centrateJ sulphuric acid are rubbed together to a uniform pasty liquid ; 
900 c.c. of water are then carefully added, while stirring. 

The Inductiem Apparatus. — According to Ostwald, the smallest in- 
duction coil used for medical purposes is best adapted to this work. The 
rapidity of the vibration of the interrupter is increased still further 




Pia. 43, — BiAO&Aii or CoNSTAMT Teupekaidbe Bath. 



by filing the little block of iron on the epring down to rather small 
dimensions (1 or 2 mm.). The minimum tone of the telephone is 
sharper if the sliding brass tube is removed from the apparatus. 

The sharpness of the telephone depends largely upon the nature of 
the induction apparatus used,* especially on the speed with which the 
current ia alternated. If, therefore, the tone-minimum is not sharp, 
different induction coils should be tested, and the most suitable selected. 

The Measuring Bridge. — Instead of the cylindrical bridge •" pro- 
posed by Kohlrausch, the bridge which is ordinarily employed may be 

■Bibliography, EohlraiiBdi, 1679 (3). 
■* BibUographf, Eohlrauech, 1860 (8). 
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used. The simplest form • of the same (Fig. 44) is constructed as 
follows : 

A paper (or wooden) scale, graduated in millimeters, is fastened 
on to a dry board of 110-120 cm. in length and 4-6 cm. in breadth. 
A metallic wire is stretched along the scale by means of the screws (A) 
on the ends of the board. Two brass plates are fastened by means 
of the screws (B) on the board, perpendicular to the scale, so that 
their inner edges pass exactly through the divisions and 100 on the 
scale. The screws (B) serve also for fastening the wires from the 
induction apparatus and the resistances. 

The bridge wire, which is about 0.2 mm. in diameter, should be 
made of perfectly clean German silver, or of platinum containing 
iridium. The German silver wire, owing to its gradual oxidation in the 
chemical laboratory, gives rise to irregular sounds in the telephone; 
the wire should therefore be renewed from time to time. 




^k<f/m 








Fio. 44. — Thx Mxasubino Bridge. 

For all exact measurements the uniformity of the wire should be 
tested and the wire calibrated before use. This may be done by the 
method of Strouhal and Barus. 

The slide S of the measuring bridge, in its simpler form, consists of 
a rectangular, bent-down, metal frame with a small binding screw (C), 
with which the telephone is connected. It is adjusted to the bridge so 
that it may be easily moved. In the middle of the frame and in contact 
with the bridge wire, is a flexible German silver needle, the flattened 
point of which is so constructed that it is always in perfect contact 
with the wire. The sensitiveness of the telephone depends on the kind 
of contact.** 

The Telephone. — Care should be exercised in the choice of the tele- 
phone. The Bell Telephone is well adapted to this work. Ostwald 
recommends the telephone of Ericsson, in Stockholm, as being very sen- 
sitive. 

The sounds proceeding from the induction apparatus are annoying 
at first to the unpracticed. A small bulb of some wadding placed in 
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Bibliography, Ostwald, 1888 (7); Wiedemann and Ebert, 1890. 
Bibliography, Elsas, 1891 (1). 
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the ear will remove this inconvenience. One teams very quickly, how- 
ever, without this, to distin^ish between the two sounds. 

The Comparison Resistance. — Three reaistaneee of 10, 100, and 1,000 
units (Ohm or Siemens) are sufficient. More appropriate, however, and 
far more convenient is the use of a complete resistance-box, the greatest 
resbtauce of which amounts to 2,000 Siemens-units. By using greater 
resistances, one obtains better results; it is better to work with different 
electrode distances. The best results are usually obtained with resist- 
ances of from 100-1,000 units. 

The resistances should he wound * bifilarly, and should be compared, 




Flo. 45. — Elkctbode Vessel roa Liquids or High Condcctivitt. 



at least twice a year, with a standard resistance ; at all events, one ahoulil 
satisfy one's self by testing the apparatus, from time to time, with solu- 
tions of known resistances. 

As the resistance varies with the temperature, it is necessary, for 
accurate determinations, to make correction for this variation. 

The Electrode Vessels. — Three different vessels are used for this pur- 
pose, according to the nature of the liquid to be investigated.*" 

(a) For Liquids of Rather High Conductivity (Concentrated aqueous 
solutions of salts, mineral acids and bases).— For such solutions, use 
may be made of the vessels employed by Kohlrausch* (F'g. 45). 

* A new kind of winding by Chaperon. See BMiogiAfhj, Elsaa, 1891 (2), Eohl 
rauBch, 1893 (15). 

** See also Koblrausch, Wied. Ann., 1S94, li, 346, for speeifkl fonns of alMtrodas 
and vessel B. — Tr. 

t Bibliograph7, KohlrauMb, 1ST9 (2). 
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Two cylindrical beakers, which are reduced in size at the lower end, 
are joined together by means of a tube of about 9 mm. in diameter. The 
vessel contains from 12 to 25 c.c. of liquid. The electrodes consist of 
platinum, and are soldered to a copper wire which is introduced through 
a cover of hard rubber. 

(&) For Liquids of Jloderate Conductivity (Dilute aqueous solutions 
of salts, mineral acids and bases, about 1/32 to 1/1024 normal ; also 
concentrated solutions of many organic acids and bases). — The re- 
sistance vessel best adapted to such solutions is that proposed by Ar- 
rheniuB (Fig. 46). 




Fia. 46. — Elecisode Vessel kb Liquids or Moderate Comductivitt. 



Two circular plates of heavy sheet-platinum from 3 to 4 cm. in 
diameter are soldered, by means of silver solder and borax, to heavy 
copper wires; the distance between the plates should be about 1.5 cm. 
The wires are enclosed in narrow glass tubes which are carefully filled 
with thick liquid asphaltum. The joint between the platinum and the 
glass should be well covered with the asphalt glue. The wires are in- 
troduced through a cover of hard rubber which is fastened by means 
of a groove to the glass cyliodrical vessel. It is advantageous to have 
two such vessels with the electrodes 1 and 2 cm. apart. 

(c) For Liquids of Low Conductivity (Most dilute solutions of the 
organic acids and bases, especially aqueous solutions of neutral organic 
compounds, as well as homogeneous organic liquids and their mixtures). 
— For such liquids use is made of very narrow electrodes with greater 
surfaces ; the apparatus of PfeiSer * is well adapted to thia work. 

• Bee Bibliographj, Pfeiffer, 1885. 
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Two glass tubes, B and R', of 3 and 3.6 cm. in their, outer diameters, 
are covered to a leQgrth of 13 cm. with platinum foil, P' and P, the 
smaller tube being covered on the outside and the larger tube on the 
inside. The platinum-foil must form complete immovable cylinders. 
The larger platinum cylinder (soldered at the seam by means of silver) 
is inserted in the wider tube. The smaller glass tube, after being 
fused together at the top, is then placed into the larger, so that the 
two platinum surfaces form concentric cylinders. These cylinders are 





Tie. 47. — Electbodb Vbsbbl for Liquids or Low Conbdmttitt. 



fastened to the outer glass surface by means of platinum wires. On 
account of the large area, the surface of the platinum need not be cov- 
ered with platinum-black. 

The two glass tubes are then melted together all around their edges 
at the bottom, as shown in Fig. 47; and at the opposite end the outer 
tube is drawn out into a narrow neck, in which can be placed a glass 
stopper, G, which, in turn, is covered by the glass covering, H. D and D' 
are the two electrodes leading to the platinum wires fused into B and B'. 
The whole vessel {30 cm. high) is supported by means of the glass tubes 
fused in at the bottom, which are fastened to the strong brass feet, F, P', 
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If a resistance vessel is to be used, it is best to restrict one's self 
to the form proposed by Arrhenius, which, by the application of larger 
resistances, is sufficient for the majority of liquids. 

The electrodes must always have a suflSciently large surface. A sur- 
face which is too small is accompanied by too great a current density, 
which frequently produces the phenomenon of polarization; the sharp- 
ness of the minimum tone depends largely upon the frequency of the 
replatinizing of the surface.* 

For this purpose the electrodes are immersed in a dilute solution 
of platinum chlorid acidulated with hydrochloric acid, and the current 
of a single cell is conducted through, the direction of the current al- 
ternating frequently between the electrodes ; or a small piece of zinc is 
brought in contact with the platinum surface until the plates are 
covered with a coating of black, spongy platinum. 

According to Qrotrian,** the well-platinized electrodes should be sat- 
urated with hydrogen by immersing them as cathodes in dilute sulphuric 
acid. It is especially necessary that the electrodes be well platinized. 

The Thermostat. — On account of the great influence of temperature 
on conductivity,^ accurate measurement of temperature is important. 

Although Kohlrausch^ has observed an influence of liquid baths on 
the minimum tone, and therefore made his determinations in air at the 
temperature of the room, yet the following, essentially the arrangement 
proposed by Ostwald, is to be preferred for convenience. 

The electrode vessel is supported in the iron water-bath of 10 to 20 
liter capacity, by means of a half-circular wooden cover. 

A temperature regulator constructed in the ordinary manner, is 
fastened to this water-bath as shown in Fig. 41. 

The regulator consists of a U-tube in which is fastened, by means 
of a rubber stopper, a cylindrical tube (Fig. 48, A). This tube is filled 
with oil or a concentrated solution of calcium chlorid, and then con- 
nected with the U-tube. A sufficient quantity of mercury is then con- 
ducted in through the funnel, after which, by suitably inclining the 
U-tube, the air in the part between the mercury and the funnel is com- 
pletely replaced by oil or calcium-chlorid solution. The inflow and 
outflow of gas is indicated by the direction of the arrows. 

To increase the sensibility, the inner portion of the gas-inlet tube 
is cut off at right angles. A very small side-opening in the same pre- 
sents the putting-out of the flame. By conducting in or removing liquid, 
by means of the funnel, the position of the top of the mercury column 
near the gas-inlet tube can be so regulated that widely varying tempera- 
tures may be obtained. 

As a motor, the windmill of Ostwald' may be used. It is advan- 

• Bibliojirraphy, Kohlrausch, 1873 (20 and 21). 

•* See Bibliography, Wcrshofcn. 

f For most electrolytes, a change of one degree Celsiua changes the conductivity 
about 2 per cent. 

4: Bibliography, Kohlrausch, 1885 (12). Kohlrausch also observed that the tele- 
phone, if too near the apparatus, was influenced by the induction coiL See also 
Kohlrausch, 1893 (16). 

%8ce BibUography, Ostwald, 188 (8). 
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tageous in this case to have tlie fans made of thin alaminnm plates. 
The use, however, of Raabe's turbine seems, in general, to be more 
appropriate. The everywhere purchasable turbine, after thorough oiling 
of the parts of the apparatus, is connected by means of a cork to a double 
wheel, which turns on a brass axis. From here the motion is transferred 
to a smaller wheel, or directly to the stirrer, which consists of a glass 
rod fastened to the wheel and provided at the lower end with a glass 
or wooden paddle; the glass rod rotates in a wider, well-oiled glass 
tube. By employing this thermostat, it is possible to maintain the 
temperature constant to 0.05° C. For temperatures of 50° C. and over, 




Tia. 48. — Tez Bioui^tob. 



the water is covered with a layer of paraEBn ; for temperatures above 
80° C. an altered thermostat is used as described by Berach.* 

The Contact. — The connection of the different parts of the apparatus 
is made by means of strong copper wires, which are as short as possible 
and fastened to suitable metallic clamps. A perfect contact is, above 
all, very important. The places of contact of the wires and the binding 
screws are carefully cleaned from time to time with a file and sand- 
paper; the binding screws should be well tightened, the stopper placed 
firmly in the rheostat, and the needle of the slide brought in good con< 
tact with the wire of the bridge. The contact with the electrode wires 
is made by means of small cups of mercury, which, like the electrode 
vessel, are placed in the opening of the wooden cover of the thermostat. 
The copper wire of the electrodes should be carefully cleaned, moist- 
ened with hydrochloric acid and immersed in the mercury. 

• See Bibliography. 
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(3) Method of Operation. — ^As soon as the liquid takes on the tem- 
perature of the thermostat, the element is set in operation and the 
slide given such a position that the telephone is either silent or pro- 
duces a minimum tone, the intensity of which increases with fhe least 
movement of the slide in either direction. In general, the adjustment 
is made so sharply that the two points on the scale at which an in- 
crease of tone may be distinctly recognized are not more than 2 mm. 
apfirt. Midway between these two points is the correct position, which, 
after some practice, can easily be determined accurately to from 0.2 
to 0.3 mm. The resistances are so inserted that the slide, when ad- 
justed, will lie near the middle of the measuring bridge; an error of 
0.3 mm. in the adjustment here will produce an error of about 0.1 
per cent, in the value of the conductivity. 

Each determination should be repeated by inserting different re- 
sistances, and the mean value taken as the basis of the calculation. 

An indistinctness in the minimum tone may, as already suggested, 
be due to very different causes. The diflSculty is easily removed by 
replatinizing the electrodes ; sometimes an increase in the electrode sur- 
face is. necessary, varying according to the concentration and nature 
of the solution, as well as the amount of resistance inserted ; frequently, 
also, a more rapid alternation of the current is necessary, and in many 
cases the cause lies in the amount of resistance. A resistance of from 
100 to 1,000 mercury units gives, in general, the best results. 

After a little practice, 10 to 12 solutions may easily be investigated 
in half an hour. 

(4) Calculation, — The measurements for chemical purposes are lim- 
ited almost wholly, in recent times, to the determination of the molecular 
conductivity represented by the constant fi * (or A, according to Kohl- 
rausch). 

It is calculated from the formula : 

vb 

or, for aqueous solutions, taking into account the conductivity of the 
water employed, according to the formula: 



''^=^{-rv-^) 



•• 



where p, represents the molecular conductivity at the dilution p; 
V, the volume in liters, which contains 1 gram equivalent ^ of the elec- 
trolyte ; a and b, the lengths of the wire to the left and right of the slide ; 
a^ and b^, the corresponding lengths for water; r and r^, the re- 

* For the meaning of this constant, see, in Bibliography, Ostwald, 1893 (2) and 
Kohlrausch, 1879 (6), 1885 (10). 

•• The formula follows directly from the proportion above. The correction for 
the conductivity of water is somewhat uncertain; for solutions of low conductivity 
the value of fur is doubtful. 

t It is better to refer the conductivity to a gram- molecule of the substance, as 
it is impossible to separate acids, bases, sidts, etc., from indifferent substances. 

VOL. II.— 1». 
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sistances in mercury units of the solution and the water; 7, the re- 
sistance capacity of the measuring vessel. 

In order to determine the resistance capacity of the vessel, i.e., the 
resistance which a liquid with unit conductivity would show in the 
vessel, a liquid is used whose conductiWty is accurately known. A 1/50 
normal calcium-chlorid solution which has kept for a long time un- 
changed has, according to Kohlrausch, a molecular conductivity at 18^ C. 
of 112.2, and at 25° = 129.7. This value in the above formula ysrill 
give the value of the constant 7. For liquids of low conductivity and 
narrow electrodes, it is better to take a more accurately investigated 
solution of low conductivity — e.g., a solution of tartaric acid. 

The molecular conductivity /i at 25° is, according to Ostwald :• 

V 16 32 64 128 256 512 1024 2048 
II 11.40 16.03 22.47 31.28 43.50 59.51 81.64 109.50 

The reduction of the specific conductivity, k, to terms of /i follows 
from the relation /i = 10^ k ' v, where /i and v have the meaning given 
above.** 

a 

The ratio -— is given for a wire 1 m. long in the table of Obach. 

D 

If the resistance of the wire is not uniform, the wire must be cali- 
brated, and a corresponding correction applied to the above value. 

The resistance, r, also requires a small correction. For most ordi- 
nary Qerman-silver wires, an increase of 1° C. in temperature increases 
the resistance on an average of 0.0004 parts of the whole value. The 
necessary reduction to mercury units at 0° C. is easily made. 

If one wishes (which is not always permissible) to establish the 
value, /ti °° — i.e., the conductivity at infinite dilution — it is determined 
indirectly, inasmuch as it does not result from direct observation.^ For 
the calculation of the Ostwald constant ^ : 

K = --^100 
(1— m) V 

The value of /i is usually determined at the temperature 25** (the 
measurements of Kohlrausch were referred to 18° C). On the tem- 
perature influence or the calculation of the temperature coefficient, see 
Bibliography, Kohlrausch, 1879 (4) and 1885 (13). If the determina- 
tions are made at higher temperatures, the error due to the dissolving 
of the glass must be taken into account. It is therefore advantageous 
to boil water in the electrode vessel several times before use.' 

For the calculation of the velocity of ions and the transport numbers 
from the conductivity, see Bibliography, Kohlrausch, 1879 (7), 1885 
(11) ; Lob and Nernst, 1888; Kistiakowsky^ 1890; Bein, 1892. 

•Bibliography, Ostwald, 1889 (10). 

••Bibliography, Ostwald, 1886 (3). 

^Sce Bibliography, Ostwald, 1888 (9). 

%S€€ Bibliography, Ostwald, 1888 (5). 

§ Bibliography, Arrhenius, Krannhals and Sack. 
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3. Benal Function as Determined by Excretion of Ingested Sub- 
stances. — Lactose Test. — Schlayer and Takayasu, in 1911, found that 
delayed excretion of lactose indicated disease of the renal blood-vessels 
— glomerulonephritis. It had been demonstrated by Voit, in 1897, that 
normal kidneys excreted lactose, ingested subcutaneously, quite 
promptly, and De Bonis, in 1907, had shown that this was accomplished 
exclusively by the renal glomeruli. 

The technic of the test is as follows: 

"Twenty-five grams of lactose (absolutely pure, and free from moulds) 
are dissolved in 25 c.c. of distilled water, and pasteurized at 75°-80^ C. 
for four or five hours en each of three successive days. Twenty c.c. of 
this solution are injected intravenously, aseptically. The urine is col- 
lected hourly and tested by Nylander's solution until the reaction ceases 
to be positive. Mishaps have occasionally occurred, such as chill and 
fever, but with a pure lactose these can be avoided. 

Wechselmann has applied this test in the last two and a half years 
in many thousands of cases, and since he has been using an absolutely 
pure article he has had no mishaps or by-effects with it. His experience 
has confirmed its value as an index of the functioning of the glomerular 
apparatus. The elimination of salvarsan depends to such an extent upon 
the integrity of this apparatus, that .tests of its functional capacity 
are of fundamental importance before giving salvarsan. Wechselmann 
finds that the value of the lactose test has been universally recognized, 
and adds that recent research by Schwarz and Pulay on it has opened 
new prospects for it. The by-effects which have deterred a number 
from continuing to use it have been traced to contamination of the lactose 
with molds. 

Rowntree and Fitz have demonstrated that not only the glomerulus 
but also the kidney tubule takes part in the lactose excretion, and they 
think that lactose excretion is quite a satisfactory index of the vascular 
function of the kidnev. 

Bismuth Reduction Test (Nylander). — To 5 c.c. of sugar solution 
in a test-tube add 1/10 its volume of Nylander 's reagent and heat for 
five minutes in a boiling water-bath. The solution will darken if reduc- 
ing sugar is present, and upon its standing for a few moments a black 
color will appear. 

This color is due to the precipitation of bismuth. If the test is 
made on urine containing albumin this must be removed, by boiling and 
filtering, before applying the test, since with albumin a similar change 
of color is produced. Glucose, when present to the extent of 0.08 per 
cent., may be easily detected by this reaction. (Rabe claims that 0.01 
per cent, sugar may be so detected.) Uric acid and creatinin, which 
interfere with the Fehling test, do not interfere with the Nylander 
test. It is claimed by Bechold that the bismuth reduction tests give 
a negative reaction with solutions containing sugar when mercuric 
chlorid or chloroform is present. Other observers have failed to verify 
the inhibitory action of mercuric chlorid and have shown that the in- 
hibitory influence of chloroform may be overcome by raising the tern- 
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perature of the urine to the boiling-point for a period of five minutes 
previous to making the tests. Urines rich in indican, urochrome, uro- 
erythrin or hematoporphyrin, as well as urine excreted after the in- 
gestion of large amounts of certain medicinal substances, may give a 
darkening of Ny lander's reagent similar to that of a true sugar re- 
action. 

Ny lander's reagent is prepared by digesting 2 grams of bismuth 
subnitrate and 4 grams of Rochelle salt in 100 c.c. of a 10 per cent, 
potassium-hydroxid solution. The reagent is then cooled and filtered. 

PoTASSiUM-IoDiD Test. — In 1867, Duckworth suggested this test as 
an estimation of the renal function. Schlayer and Takayasu have sug- 
gested this as a quantitative test. The patient receives 0.5 gram of 
potassium iodid, in solution, by mouth, and the urine is tested every 
two hours for iodin. Iodid is rapidly excreted, since 65-80 per cent, 
of the amount ingested is eliminated in 24 hours. According to Antem, 
it takes 40 hours for the complete excretion of 0.5 gram KI, whereas 
others found that it requires 2 days for the elimination of this quantity 
(Monakow). 

According to Schlayer and Takayasu, the iodid is excreted by the 
tubular epithelium. This has, however, not been confirmed. 

Rowntree and Fitz found tl\is test of doubtful value. 

Wovschin obtained the results given in Table 16 after administration 
of potassium iodid by mouth and rectum. He found that the latter 
means of administration may be made use of in comatose patients. 

Potassium Iodid in the Urine. — Qualitative Determination, — To the 
urine in a test-tube add a little chloroform, a few drops of sodium 
nitrite solution, and a few drops of dilute sulphuric acid. Shake well, 
and the free iodin will be dissolved in the chloroform. In the pres- 
ence of starch solution, a blue color will be formed, if the urine is treated 
as above. 

The technic employed for the quantitative analysis is the following: 
N/50 solution of sodium thiosulphate (NajSjOg) is prepared and care- 
fully standardized against a definite quantity of potassium iodid. The 
standardization is performed as follows: 

An exact 10 per cent, solution of potassium iodid is used. One c.c. 
of this 10 per cent, solution is diluted up to 100 c.c. with distilled 
water and introduced into a separating funnel. To this is added 5 c.c. 
of a mixture composed of strong nitric acid plus 5 per cent, of nitrous 
acid, and well shaken. This is allowed to stand 5 minutes and then 
10 c.c. of chloroform are added. This should be well agitated to wash 
out the liberated iodin. This is allowed to stand for 5 or 10 minutes 
and the purple colored chloroform drained off from the bottom of the 
separating funnel into a beaker. The iodin extraction is continued and 
repeated with several fresh, small portions of chloroform and all of 
the chloroform used for the washing is collected in the same beaker. 
The washing should be continued until the returning chloroform is color- 
less. 

Next the chloroform-iodin contents should be carefully titrated with 
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the fiftieth normal sodium-thiosulphate solution until the purple chloro- 
form becomes completely colorless. Having thus determined the amount 
of sodium-thiosulphate solution necessary to decolorize the iodin of 
I decigram of potassium iodid, its equivalent for 1 c.e, of N/50 Na,SiO, 
is calculated, using the obtained figure as the standard. 

HiPPURic Acid Test. — It is stated by Jaarsvcld and Stocvia, Stocvis 
and .von der Velde that in eases of parenchymatous nephritis the syn- 
thesis of benzoic acid and glycocoU in the kidneys is only imperfectly 
accomplished, and that only a small proportion of ingested benzoic 
acid is found as hippurtc acid in the urine of these patients. Von 
Schroeder and Schmiedeberg do not consider these theories as established, 
since Stocvis used a method which was not reliable. 
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On the other hand, Kronecker observed defective formation of hip- 
puric acid in nephritis; but, unlike Stoevis, he found it more defective 
in cases of interstitial than in parenchymatous nephritis. Recent ex- 
periments with better methods, and where the nature of the diet was 
very carefully considered, are not favorable to Stoevis 's views, but go 
to show that spontaneous excretion of hippuric acid is not more diffi- 
cult than that of any other substance. The addition of benzoic acid 
to the diet yielded varying results, as in the case of healthy persons. 
The question has lost much of its interest since it has been recognized 
as probable that other organs besides the kidneys are able to synthesize 
hippuric acid. This is not the case with carnivora. At the same time, 
the matter deserves further inquiry. It is now evident that glycocoll 
may be considered as a normal constituent of the urine (whether free 
or combined is not yet fully determined). This fact was not known 
to earlier investigators. 

Phlorizin Test. — Achard and Delamare suggested this glucosid in- 
jection as a test for renal function. It is known from the work of von 
Mering that the injection of phlorizin into animals induces a marked 
glycosuria without a hyperglycemia, and it has been proven that the 
effect of the glucosid is on the epithelial cells of the kidney. 

An aqueous solution of 0.005 gram of phlorizin is injected subcu- 
taneously. The urine is collected at frequent intervals and analyzed 
for glucose. Normally the maximum elimination takes place in an hour. 

Krotoszyner and Stevens especially investigated this test with the re- 
sults shown in Table 17. 

Casper and Richter described the application of this test in the form 
of hypodermic or intramuscular administration of the drug in con- 
junction with ureteral catheterization. In this way (to quote thenri 
they were able to study the action of the drug separately on each kid- 
ney, and to utilize the test as a comparative index of functional renal 
capacity in unilateral kidney lesions. According to their statement, the 
phlorizin test measures the quantity of functionating renal parenchyma 
and, by these means, that of renal capacity, the percentage of excreted 
sugar corresponding to the amount of functionating parenchyma of the 
kidney. When these statements failed to be entirely corroborated by per- 
sonal observations of various authors, and particularly after Israel's 
demonstration of kidneys that had been found barren of phlorizin glyco- 
suria, though possessing functionating parenchyma, Casper and Richter 
modified their views, stating that absence of phlorizin glycosuria showed 
an advanced degree of renal incapacity, while its quantity was directly 
proportional to that of the functionating parenchyma of the kidney. 

The test was soon recognized as one of our most important means 
for estimating relative kidney function. Israel, who always maintained 
a skeptical attitude toward the real value of functional kidney tests, 
designated the test as a welcome addition to our diagnostic armamen- 
tarium, and Albarran concedes to the method real usefulness. Barth 
considers the test particularly important for the diagnosis of difficult 
cases, and Kapsammer claims for the phlorizin test first rank amon^ 
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renal functional methods. Greene and Brooks designate the test the 
most practical of functional methods, a view from which they have not 
departed in the latest edition of their textbook. Krotoszyner and 
Stevens' results with the test were most gratifying, and careful compari- 
son with the results from other functional tests, especially those from 
phenolsulphonephthalein, elicited this statement : The phlorizin, phenol- 
sulphonephthalein and urea tests show in normal cases almost identical 
values for both kidneys, and exhibit in pathologic cases a striking paral- 
lelism of diminished functional values. These authors modified the 
test by injecting the drug intravenously. By means of this test they 
were able to study the total functional renal capacity, as well as the 
capacity of the individual kidneys. Their procedure is as follows : 

The bladder test for determination of total renal permeability by 
means of intravenous phlorizin injection is performed in the following 
manner: The bladder is emptied by introduction of a catheter which 
is left in situ, and 1 eg. of phlorizin is injected into one of the arm 
veins. Testing for sugar is begun at once by letting a few drops of 
urine flow into test-tubes containing a few cubic centimeters of heated 
Pehling solution, until typical sugar reaction occurs. 

In cases with normal renal permeability sugar appeared in about 
seven minutes and in cases with pathologic or reduced renal capacity 
in not less than fifteen minutes. In both types of cases, sugar excre- 
tion was at its acme during the first fifteen-minute period, was markedly 
reduced during the second, and was very low or had disappeared during 
the third period. 

As a test for comparative renal function, the intravenous phlorizin 
test gives more accurate, and thus more reliable, results, while its technic 
is simple and less time-consuming than that of the phenolsulphone- 
phthalein test, according to the results of Krotoszyner and Stevens. 

Urotropin Test. — Palk and Sugiura recommended the following 
test for kidney suflSciency. One gram of hexamethylenetetramin (uro- 
tropin), dissolved in a glass of water, was administered about fifteen 
minutes before the evening meal, which included fluid to the amount 
of 500 c.c. or more. All the urine voided thereafter, including the 
morning specimen, was collected and tested for urotropin. The admin- 
istration of a purgative at the same time as the hexamethylenetetramin 
would naturally invalidate the results. If a negative result is obtained 
with the iodin test {see below) y and if formaldehyd is absent, the pres- 
sure of traces of hexamethylenetetramin may be detected by treating 
1 to 2 c.c. of urine with 1 drop of concentrated sulphuric acid, warm- 
ing the solution for a few minutes, and testing for formaldehyd with 
the phloroglucin reagent. Palk and Sugiura tested the urines in every 
case for free formaldehyd with this reagent. In only very few were 
marked red colors obtained. These indicate formaldehyd concentrations 
of 1 in 10,000 to 1 in 5,000 for the deepest red obtained. If the for- 
maldehyd was liberated from the urotropin after the passage of the 
latter through the kidneys, it would be necessary to correct the quantity 
of urotropin eliminated by a corresponding amount of formaldehyd, but 
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Table 18. — Urotropin Test. (Falk and Sugiura.) 
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it may have decomposed before passing through the kidneys, and the 
formaldehyd have been eliminated as such. 

Falk and Sugiura contrasted the urotropin test with the phenol- 
sulphoAephthalein test, the non-protein nitrogen of the blood, the uric 
acid of the blood, and the Mosenthal-Schlayer tect-meals. Prom the 
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accompanying table (taken from Palk and Suguira) one may judge of 
the value of this test. Normally from 30 to 50 per cent, of the urotropin 
is eliminated in the urine. In cases of nephritis none is excreted. 

Quantitdtive Test for Urotropin, — To 50 c.c. of the albuminous urine, 
10 to 15 c.c. of alumina cream are added, and stirred slowly. After the 
protein and alumina have settled, the mixture is filtered through a 
folded paper, the precipitate on the paper being allowed to drain thor- 
oughly. A known excess of iodin solution (iodin 3.6 grams, 95 per cent, 
ethyl alcohol, 100 c.c.) is then added from a buret, and stirred constantly. 
The amount needed may be judged by the formation of the precipitate as 
the iodin solution is added ; or the mixture is filtered and treated with 
more iodin solution; or an approximate determination is made first 
and then a more accurate one with a new solution. After all the iodin 
has been added (as a rule 5 to 8 c.c. are required), the mixture is 
allowed to stand about 10 minutes, with occasional stirring and filtering 
with suction through a Gooch crucible containing an asbestos mat. Re- 
filtration through the same mat is advisable. The precipitate is washed 
5 to 10 times with cold water. The precipitate and crucible may be 
dried in a vacuum desiccator over calcium chlorid to constant weight. 
Better than weighing the precipitate is the titration of the iodin pres- 
ent with M/25 sodium-thiosulphate solution. For this purpose, the 
precipitate and crucible are transferred to a beaker, and 50 <».e. of 
water and 3 c.c. of glacial acetic acid added. Starch is used as an indi- 
cator. 

Tests for Pormaldehyd. — (a) Phloroglucin Method, — ^Prepare the 
reagent by dissolving 1 gram phloroglucinol and 20 grams sodium hy- 
droxid in sufficient water to make 100 c.c. To 10 c.c. of urine in a 
test-tube, add with a pipet 2 c.c. of this reagent, placing the end of 
the pipet on the bottom of the tube in such a manner that the reagent 
will form a separate layer. A bright red coloration (not purple) is 
formed at the zone of contact if formaldehyd is present. 

(b) Phenylhydrazin-sodiunirmtroprussid Test. — This test consists of 
adding to the suspected fluid, 3 drops of a 5 per cent, aqueous solution 
of phenylhydrazin-hydrochlorid and then 3 drops of a 5 per cent, aqueous 
solution of sodium nitroprussid. An excess of a saturated aqueous 
solution of sodium hydroxid is added. It is important that the solutions 
to be tested, as well as the sodium hydroxid, should be slightly warmed 
to a little more than the body temperature. When formaldehyd is pres- 
ent in solution of 1 to 20,000 or stronger, there follows an intense hlue 
color which gradually changes to green and then after a few minutes 
to brown. In solutions of less than 1 to 20,000 the first color is the 
intense green. 

Creatinin in the Urine. — According to Neubauer the creatinin elimi- 
nation is a good test of renal function. The urine is examined for 
creatinin in six-hourly periods on 3 successive days. The first day is 
called the ** fore-period.'* The second day the patient receives 1.5 grams 
creatinin with his diet. The third day is called the ** after-period.^ The 
creatinin in the urine is determined by Folin's method. 
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Folin's Coloritnetric Method (Hawk). — Principle. — This method is 
based on the characteristic property possessed by creatinin, of yielding 
a certain definite color-reaction in the presence of picric acid in alkaline 
solution. 

Procedure, — Place 10 c.c. of urine in a 500 c.c. volumetric flask ; add 
15 c.c. of a saturated solution of picric acid and 5 c.c. of a 10 per cent, 
solution of sodium hydroxid; shake thoroughly and allow the mixture 
to stand for 5 minutes. During this interval pour a little N/2 potas- 
sium bichromate solution into each of the two cylinders of the col- 
orimeter (Duboscq) and carefully adjust the depth of the solution in 
one of the cylinders to the 8 mm. mark. A few preliminary colorimetric 
readings may now be made with the solution in the other cylinder, in 
order to insure greater accuracy in the subsequent examination of the 
solution of unknown strength. Obviously the two solutions of potas- 
sium bichromate are identical in color and in their examination no two 
readings should differ more than 0.1-0.2 mm. from the true value (8 
mm.). Pour or more readings should be made in each case and an 
average taken of all of them, exclusive of the first reading, which is 
apt to be less accurate than the succeeding readings. In time, as one 
becomes proficient in the technic, it is perfectly safe to take the average 
of the first two readings. 

At the end of the five-minute interval already mentioned, the con- 
tents of the 500 c.c. flask are diluted to the 500 c.c. mark, the bichromate 
solution is thoroughly rinsed out of one of the cylinders and replaced 
with the solution thus prepared and a number of colorimetric readings 
are immediately made. 

Ordinarily 10 c.c. of urine is used in the determination by this 
method, but if the content of creatinin is above 15 mg. or below 5 mg. 
the determination should be repeated with a volume of urine selected 
according to the content of creatinin. This variation in the volume of 
urine, according to the content of creatinin, is quite essential, since the 
method loses in accuracy when more than 15 mg. or less than 5 mg. of 
creatinin is present in the solution of unknown strength. 

Calculation, — By experiment it has been determined that 10 mg. of 
pure creatinin, when brought into solution and diluted to 500 c.c, as 
explained in the above method, yields a mixture, 8.1 mm. of which 
possesses the same colorimetric value as 8 mm. of a N/2 solution of 
potassium bichromate. Bearing this in mind, the. computation is readily 
made by means of the following proportion in which y represents the 
number of millimeters of the solution of unknown strength equivalent to 
the 8 mm. of the potassium bichromate solution: 

y : 8.1 : : 10 : X (mg. of creatinin in the quantity of urine used) . 

This proportion may be used for the calculation, no matter what 
volume of urine (5, 10 or 15 c.c.) is used in the determination. The 
10 represents 10 mg. of creatinin which gives a color equal to 8.1 mm., 
whether dissolved in 5, 10 or 15 cc. of fluid. 
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Barker writes: *' Normally, examined in six-hourly periods, the 
creatinin excretion goes on in the form of a horizontal curve. The 
amount excreted, if excessive meat eating he avoided, is independent of 
the food intake, so that the maintenance of a rigidly monotonous diet 
is superfluous. If 1.5 grams of creatinin be taken in sweetened water 
by a normal person, about 60 to 90 per cent, is excreted in the first 
period, and in the second period 8 to 30 per cent, more, so that in the 
twelve hours, 70 to 100 per cent, of the amount swallowed is already 
eliminated. When the renal function is disturbed, there is a delay in 
the excretion, which may even extend over into the next day. Dis- 
turbances of creatinin excretiQu are especially marked in bilateral renal 
disease. 

'*The method does not permit one to draw conclusions regarding a 
definite lesion, and so it cannot be used for the classification of differ- 
ent nephropathies. Newbauer found delayed elimination sometimes in 
cases of arterial hypertension when he had no other clews pointing to 
disease of the kidneys. Excretion was also delayed in cases of gout, 
in which there were no certain signs of renal disease demonstrable. He 
thinks, therefore, that the early stages of a gouty kidney may, perhaps, 
be recognizable by this test. In chronic passive congestion of the kidney, 
disturbances of creatinin excretion were also observed. The method 
may be applied to the diagnosis of unilateral affections on ureteral 
catheterization, since differences greater than 20 per cent, between the 
elimination on the two sides point to pathological changes." 

Urea in the Urine. — The elimination of ingested urea has been sug- 
gested as a test for kidney suflSciency. According to Pirondini, this is 
an excellent method. 

The principle of intensification of the natural and spontaneous elimi- 
nation of a substance which is a normal ingredient of the urine, he thinks, 
is an ideal method for a test. Experimental polyuria is less instruc- 
tive because both renal and extrarenal factors are involved in this. The 
urea output is less independent of the kidney functioning. The urea 
ingested in the test is eliminated in a curve which resembles that of 
the water in testing polyuria. It shows less influence from position and 
from cirrhosis of the liver, but the curve reflects unerringly the condi- 
tion of the kidneys. It may reveal impairment of function when the 
test polyuria seems to indicate satisfactory work on the part of the 
kidneys. It is most instructive in cases of disease of the bladder or 
prostate with secondary disturbance in kidney functioning; also in in- 
vestigating the capacity of each and both kidneys with surgical kidney, 
and for testing the functioning of the remaining kidney after neph- 
rectomy. 

To perform the test the patient is given 30 grams urea dissolved in 
4 to 6 ounces water, and the urine examined for urea by any of the 
reliable quantitative methods. The urine is examined 2 hours hefore 
the test and every 2 hours for 24 hours after the test. Under normal 
conditions there is a sharp rise in the urea excretion in the second 
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2-hour period. In kidney disease, this abrupt rise is absent or delayed 
(McKasky). 

Diastase or Amylase in the Urine. — ^Pirondini in 1914, Geyelin 
and Geraghty, Rowntree and Gary have studied the elimination of 
diastase in the urine as a means of determining the functionating power 
of the kidney. According to these authors, the test is in agreement 
with the results obtained with phenolsulphonephthalein. 

In cases of marked hematuria or polyuria, or in pancreatic disease 
this test gives discordant results. 

The amylase may be examined by Wohlgemuth 's method: 

Quantitative Determination of Amylolytic Activity: Wohlgemuth's 
Method ((w (Hven by Hawk), — Arrange a series of test-tubes with dimin- 
ishing quantities of urine, introduce into each tube 5 c.c. of 1 per cent, 
solution of soluble starch, and place each tube at once in a bath of ice- 
water. When all the tubes have been prepared in this way and placed 
in the ice-water bath, they are transferred to a water-bath or incubator 
and kept at 38° C. for from 30 minutes to an hour. At the end of this 
digestion period, the tubes are again removed to the bath of ice-water in 
order that the action of the enzyme may be stopped. 

Dilute the contents of each tube to within about y^ iiich of the top, 
with water; add one drop of a N/10 solution of iodin and shake the 
tube and contents thoroughly. A series of colors ranging from dark 
blue through bluish- violet and reddish-yellow to yellow, will be formed. 
The dark blue color shows the presence of unchanged starch, the bluish- 
violet indicates a mixture of starch and erythrodextrin, whereas the 
reddish-yellow signifies that the erythrodextrin and maltose are present 
and the yellow solution denotes the complete transformation of starch 
into maltose. Examine the tubes carefully before a white background 
and select the last tube in the series which shows the entire absence of 
all blue color, thus indicating that the starch has been completely trans- 
formed into dextrins and sugar. In case of indecision between two 
tubes, add an extra drop of the iodin solution, and observe them again, 
after shaking. 

Calculation, — The amylolytic activity of a given solution is expressed 
in terms of the activity of 1 c.c. of such a solution. For example, if it 
is found that 0.02 c.c. of an amylolytic solution, acting at 38° C., com- 
pletely transformed the starch in 5 c.c. of a 1 per cent, starch solution 
in 30 minutes, the amylolytic activity of such a solution would be ex- 
pressed as follows: 

D =250 
30" 

This indicates that 1 c.c. of the solution under examination possesses 
the power of completely digesting 250 c.c. of 1 per cent, starch solution 
in 30 minutes at 38° C. 

4. Pharmacological Tests. — ^Diuretic Tests. — ^Attempts have been 
made to test the function of the kidneys by noting their response to 
pharmacological stimulation with caffein, diuretin, urea, theocin, euphyl- 
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lin, etc. None of these tests are, however, specific. Erich Meyer, in his 
researches on diabetes insipidus, is convinced of the efl&cacy of theocin 
in stimulating the concentrating function of the kidneys. 

Bouchard's Urotoxic Coefficient.— Bouchard considers that he has 
experimentally proved that a healthy person produces an approxi- 
mately constant amount of urinary toxins per kilogram of body- 
weight every twenty-four hours. He goes so far as to estimate a definite 
percentage of toxic effect for each individual constituent of the urine — 
water, salts, pigments, urea, organic bases, etc. He proceeded to de- 
termine, by experiment, how many c.c. of urine injected intravenously 
were necessary to kill an animal (rabbit), and expressed this in terms 
of the weight of the animal. Prom this he deduced the toxin produc- 
tion of the individual per diem and per kilogram (** toxin coefficient '*). 
One of the first and most important conclusions he established 
was the diminution of toxic effects in renal disease, and especially in 
uremia. He concluded from this that, in consequence of the in- 
capacity of the kidneys, the body does not excrete but retains both 
the poisonous products of metabolism and those toxic bodies which are 
absorbed from the intestines. This retention he regards as the cause 
of uremia and of death. Unfortunately, the method of this gifted in- 
vestigator has not fulfilled all that it promised. The results of the ex- 
periment depend upon so many factors— one might say even upon so 
many chances — that even the most careful procedure cannot ensure uni- 
form results. Many physical and chemical factors which had nothing 
to do with the uremic intoxication undoubtedly contributed to the death 
of the animal injected with urine. It is only an extremely poisonous 
or a non-poisonous state of the urine that is worthy of consideration. 
It is certainly not necessary to make use of this elaborate method in 
order to prove auto-intoxication in cases where there is a diminution 
of the toxins in the urine, accompanied by lessened excretion, or far- 
advanced nephritis, or general uremic sjrmptoms. But even in these 
cases the method often fails. Instances have been described by experi- 
enced observers where, in spite of obvious uremia, Bouchard's method 
showed a high toxic value of the urine (Bernard). Apart from ex- 
treme cases, which are of little interest from the point of view of diag- 
nosis and prognosis, the method has not helped us to arrive at a quanti- 
tative determination of the elimination of poisons. In spite of many 
adherents, belonging mostly to the Bouchard's school, the method has 
been subjected to severe criticism. 

Von Noorden states: **I am in full agreement with Ewald and 
Ascoli who, in a recent critical study, and in spite of the contention 
of Claude and Balthazar, express the view that Bouchard's proposal is 
unsatisfactory as a test for determining the incapacity of the kidneys 
or the retention of toxins, or as affording theoretical insight into the 
nature of uremia. I expressed a similar view more than twelve years 
ago in my text-book on *The Pathology of Metabolism.' In certain 
medical circles, however, and especially in Paris, the theory of the 
'urotoxic coeiBcient' is awarded a high place, and whether toxic 
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tention is present or not, no analysis of nephritic urine is considered 
complete which has not been obtained by estimating this coeiBcient. 
This can only be regarded as pseudo-scientific humbug, which has noth- 
ing in common with the atmosphere of scientific seriousness which sur- 
rounded Bouchard's painstaking studies.'' 

Cawadias injected the blood-serum of uremic patients into the peri- 
toneal cavity of rabbits and produced immediately such phenomena as 
convulsions, paralyses, dyspnea, hypothermia, even death. Normal 
serum will produce toxic symptoms, but much larger doses are neces- 
sary than of the serum of a uremic patient. Even the sera of uremic 
patients vary in toxicity, the serum of a patient with convulsions being 
high in the scale. Cawadias emphasizes the fact that the serum of a 
well person differs from that of a uremic patient only in degree of 
toxicity. The results of injection are the same if only the right amount 
is used. The conclusion is drawn that in uremia there is no new poison, 
but a preexisting toxic substance whose action becomes more intense. 

III. The Composition op the Blood 

Epstein, whose work on nephritis is a departure from the ** respect- 
able," currently accepted theories of this disease, has advanced a new 
conception of renal disturbances. His work has as yet not been corrobo- 
rated. It is interesting, in any event, and we shall quote from him: 

**From a comprehensive study of the blood, of effusions, and of the 
urine, in this and other forms of renal disease some light was gained 
concerning the morbid processes of this peculiar affection. In a series 
of 193 cases representing various renal conditions, which I have had 
occasion to observe in the past few years, the type of disease under dis- 
cussion has been encountered in fifteen individuals. It appears from 
these observations that the pathologic and chemical basis of the cases 
now termed ** chronic nephrosis" is that of a nutritional or constitutional 
disorder. Furthermore, the evidence acquired also points to the proba- 
bility that certain cases of diffuse nephritis represent a* form of renal 
disease in which some of the morbid phenomena correspond to those 
found in chronic nephrosis, whereas others are secondary to or associated 
with inflammatory changes in the kidneys. 

**The most striking phenomenon in this group of renal diseases is 
the intense and persistent albuminuria. The quantity of albumin ex- 
creted in the urine is often great. Its daily output for weeks and months 
may amount to as much as 50 grams. The source of the albuminous 
substances in the urine is the blood-serum or plasma. In view of the 
fact that the total quantity of protein in the blood-serum, in a normal 
individual of average weight and size, is approximately 210 grams, the 
daily loss incurred by the blood in this manner may constitute a large 
percentage of that present in the circulation. 

** Whether the excretion of these substances is due primarily to an 
altered protein utilization, or is the result of an unusual permeability 
of the renal epithelium, is a question which cannot be answered at the 
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present time. The fact remains, that as a result of the intense and 
prolonged albuminuria, profound changes take place in the composition 
of the blood. The development of a state of malnutrition is evidenced 
by a number of facts. Whereas normally the blood-serum contains from 
6.5 to 8.3 grams of protein to the hundred c.c, of which a little more 
than one-third is globulin; in disease the quantity of protein may be 
much reduced and the globulins show a relative increase. The char- 
acteristic change in the blood-serum in cases of chronic nephrosis is a 
reduction in the total protein content with a marked relative increase 
in the globulin, which in certain instances constitutes nearly all of the 
protein present. 

Table 19.— Types of CoMPosmoN of Blood-sebum in Chronic Nephrosis 



Total 


Incoag. 

Nitrogen 

(Gm.) 


• 

Per 100 c.c. 


Cholesterol 
(Gm.) 


Globulin 


Protein 
(Gm.) 


Globulin 

(Gm.) 


Chlorid 

(Gm.) 


in Protein 
Percent. 


3.611 
2.731 


0.065 
0.101 


2.038 
2.598 


0.404 
0.390 


0.760 
1.226 


59.0 
95.0 



"It is known that infections and intoxications of various sorts lead 
to an increase in the proportion of globulin in the blood. Hurwitz and 
Meyer have found that the increase in globulins may result from the 
toxic action of infecting agents on the body tissues. On the basis of 
other changes which occur in the blood, such as the accumulation of 
fatty substances, the increase in the globulin content indicates a tissue 
disintegration. The quantity of fats and lipoids which accumulate in 
the blood in this disease is extraordinary. 

* * In no other condition of renal disease are such changes in the blood- 
serum encountered. What concerns other substances in the blood, 
namely, non-protein nitrogen and the chlorids, it might be said that 
these often range within normal limits or may be slightly elevated. One 
reason for the low concentration of nonprotein nitrogen in the blood 
may be a large distribution of this constituent throughout the body in 
the edematous tissues. That this is so is illustrated by the following 
clinical observation: 

'* *The blood of a patient suffering from a severe nephritis, with 
symptoms of impending uremia (visual disturbances, violent headaches, 
vomiting) and a generalized edema, was examined and found to con- 
tain 0.070 grams of non-protein nitrogen per hundred c.c. Ten dasrs 
later, when many of the symptoms disappeared and the edema partly 
subsided, the blood contained 0.210 grams of nonprotein nitrogen per 
hundred c.c. Finally two weeks after the second examination, when 
the patient was much improved and the edema had entirely subsided, 
the non-protein nitrogen of the blood was 0.70 per hundred c.c' 
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''It is usually stated that, in cases of chronic nephrosis, the urine 
may have a high specific gravity ; that it may contain normal quantities 
of nitrogenous urinary substances, but that it is deficient in chlorids. 
According to Widal this is one of the characteristic features of the 
disease. 

' ' In discussing the classification of this group of nephritic conditions, 
I stated that there are certain cases of diffuse nephritis in which some 
of the manifestations resemble those found in chronic nephrosis, while 
others are referable to inflammatory changes in the kidneys. Examples 
of this type are found particularly in two groups of conditions: first, 
during or after pregnancy, and second, in association with diabetes mel- 
litus. The first occurs in relatively young women who, in the course 
or directly after a pregnancy, develop renal disease. I have had occa- 
sion to observe six cases of this type. Not only do such cases show 
evidence of malnutrition as proved by the changes in the blood, but 
they also indicate the occurrence of disturbances in certain of the in- 
ternal secretions. As in the cases of chronic nephrosis, the albuminuria 
is very intense ; but formed blood elements may occasionally be found. 
The urine is scanty and of varying specific gravity; it is deficient in 
chlorids and may also show diminution in the nitrogen output. The 
blood shows changes similar to those observed in chronic nephrosis; 
namely, the reduction in the protein content of the serum, the relative 
increase in the globulins and an excessive increment in fatty material. 
Extensive edema develops; notwithstanding this fact, the non-protein 
nitrogen of the blood in these cases may be considerably elevated. 

**The blood-pressure in the latter group of cases rises very high (240 
mm. of mercury). The other clinical features which suggest a disturb- 
ance of the internal secretions are the cessation of menses (in four out 
of six cases), or the development of menorrhagia; loss of hair, pigmenta- 
tion of the face (light coffee brown), exophthalmos, and varying de- 
grees of enlargement of the thyroid. 

Table 20. — Types of Composition of Blood-serxtm in Chronic Diffuse Nbphritib 

(Mild and Severe Cases) 



Total 


Incoag. 

Nitrogen 

(Gm.) 


Per 100 c.c. 


Cholesterol 
(Gm.) 


Globulin in 


Protein 
(Gm.) 


Globulin 

(Gm.) 


Chlorid 
• (Gm.) 


Protein 
(Per Cent.) 


4.919 
3.958 


0.130 
0.084 


3.440 
2.594 


0.397 
0.404 


0.460 
1.150 


70.00 
66.00 



* * The kidney of pregnancy, as stated before, is believed to represent 
a typical example of nephrosis. The cases just mentioned stand in 
etiologic relationship to pregnancy, and from the character of the changes 
in the blood they resemble the cases of chronic nephrosis; but, unlike 
those, they show a high blood-pressure. This circumstance, however, 
does not militate against the assumption that the intrinsic nature of 

VOL. II.— 20. 
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the disturbance is similar to that of chronic nephrosis. The early cessa- 
tion of the menses in the majority of the cases suggests that the rise 
of blood-pressure may, to a certain extent, be the result of the asso- 
ciated disorder of the internal secretions, like that which occurs in the 
normal menopause. 

**The other pathologic condition, as stated before, with which this 
type of renal disease is sometimes associated is diabetes mellitus. I have 
observed three such cases, two of which occurred in men. The ages of 
the three persons were 52, oS and 59 years, respectively. In two of the 
cases the glycosuria and the albuminuria were discovered at the same 
time. In the remaining one, the albuminuria antedated the diabetes 
by three years. In these cases, some of the clinical findings differed 
from those of the preceding group. 

**From a consideration of the facts presented, it seems probable that 
the morbid processes in chronic nephrosis and in some special eases of 
chronic diffuse nephritis represent a general constitutional disturbance, 
and not merely a disease restricted entirely to the kidneys. No other 
variety of renal disease gives rise to such changes as those found in 
this group of cases. 

'* Barring the special cases in which renal disease and diabetes co- 
exist, another striking clinical manifestation in this group of cases is 
the edema. According to Widal, whose views are now generally accepted, 
the edema is the result of a failure on the part of the kidneys to elimi- 
nate salt and water. On a previous occasion, I discussed the question 
of the causation of edema, and offered evidence in support of the view 
that the retention of salt and water is not necessarily the result of a 
disturbed elimination of these substances by the kidneys. The forces 
which prevent their excretion are extrarenal. The hyxK)thesis is briefly 
this: 

*'The loss of protein incurred by the blood-serum through the con- 
tinuous albuminuria causes a decrease in the osmotic pressure of the 
blood. Through this condition and the additional circumstance that 
large quantities of fats and lipoids accumulate therein, the physicochem- 
ical state of the blood is disturbed to such an extent that it loses much 
of the power which it normally possesses to withdraw fluids from the 
tissues. Consequently deposition of fluid in the tissues occurs. In other 
words, the edema in this type of nephritis is not necessarily the result 
of a lessencii permeability or diminished functional power of the kidnevs 
to eliminate salt and water, but is the result of a change in the char- 
acter of the blood. It is noteworthy that the edema fluid in these eases. 
unlike that present in any other condition, is composed almost exclusively 
of inorganic and nitrogenous salts and water. The view here presented 
is amply supj>orted by experimental and clinical facts." 

1. Ambard*s CoefBcient. — Lamy and Meyer endeavored to eon&nm 
the concentration of urea in the blood with the rate of excretion in the 
urine. They did not recognize the importance of the rate of blood 
:!• w. and conse*iuently were not able to find any relation between the 
two values. Five years later Amlvani and Moreno announced tlieir 



KIDNEY FUNCTION TESTS 307 

laws of renal function. They were three in number, and reduced the 
study of kidney activity to a physicochemical basis. The blood-urea 
was regarded as a stimulus acting on the renal cells. The rate of ex- 
cretion of urea was the response of the kidney to that stimulus. In their 
opinion the rate of circulation through the kidney was the chief factor 
governing the concentration of the urine. A dilute urine was a sign 
of a high rate of blood-flow, while a diminished blood supply was 
shown by the increase in the concentration of the urine and a conse- 
quent diminished output of water and of urea. 

The first law dealt with the relation of the rate of output of urea 
to the concentration of urea in the blood. The rate of output was found 
to vary directly with the square of the concentration of urea in the 
blood, if the concentration of urea in the urine remained constant. In 
other words, if the quantity of urea in the blood were doubled, the 
amount excreted in a given time would be quadrupled. 

According to the second law, the rate of excretion of urea varied 
inversely with the square root of the concentration of urea in the urine, 
if the blood-urea remained constant. Under these conditions a 
quadrupling of the concentration would result in a halving of the rate 
of output. 

The third law was a combination of the first and second. If the con- 
centration of the urea in the blood and urine varied simultaneously, 
then the rate of output would vary directly as the square of the con- 
centration of urea in the blood, and inversely as the square root of 
that in the urine. 

The following formula, used in calculating the coefficient, is derived 
from the third law by the addition of correction factors for the patient's 
weight and for a standard urinary concentration of 25 grams of urea 
per liter: 

Ur. 
K = 



/^ 70 \/C 



K = Coefficient of urea excretion. 

Ur.= Grams of urea per liter of blood. 

D = Output of urea in grams per twenty-four hours. 

P = Weight of the patient in kilograms. 

C = Grams of urea per liter of urine. 

70 = Standard weight. 

25 = Standard concentration of urea in the urine. 

All weights and concentrations are compared to the 
standards of 70 and 25. 

The normal value of the constant is from 0.06 to 0.09. With a de- 
creasing kidney efficiency there is a rise in the constant, and with an 
increasing function the coefficient falls. 

The analytical methods used by the French had been so inaccurate 
that this work remained practically unknown in this country until 
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McLean and Selling repeated the work, using more accurate methods, 
and found the coeiBcient to have the same degree of constancy that 
Ambard had found four years previously. 

It has been claimed that the mathematical form of the coefficient in 
the real basis of its constancy and that the laws of function play abso- 
lutely no role in the attainment of this end. Addis and Watanabe 
claim that Ur. is a relatively constant value and that it is the dominant 
factor in keeping the coeiBcient constant. On the other hand, D and C 
are the factors which are subject to considerable variation. The effects 
of these variations are minimized by the fact that the greater variant 
is present as its fourth root, and the lesser as its square root. While 
their assumption is partly true, the fact remains that the blood-urea 
is not always a constant value. In a series of nephritics here pre- 
sented there are instances of enormous variations in the blood-urea, 
without any corresponding change in the coefficient of urea excretion. 
While, strictly speaking, the laws of function may be mathematically 
inaccurate, and the formula from which the coeffilcient is calculated may 
tend to hide these inaccuracies, still there is a very definite relationship 
between the concentration of the urea in the blood and in the urine 
and its rate of excretion. Under similar conditions of urine concen- 
tration the rate of urea excretion is always greater with a high con- 
centration of blood-urea than with a low one. Similarly, in the pres- 
ence of a stationary blood-urea concentration the amounts of urea ex- 
creted under conditions of polyuria and low urinary concentration are 
greater than when the volume is small and the concentration high. 

In spite of the lack of mathematical accuracy, the normal coefficient 
of urea excretion falls within comparatively narrow limits. 

Objection has been made to the original form of the coefficient be- 
cause the normal value is not a whole number, and because a diminish- 
ing renal function causes a rise in the coefficient. Balavoine and Onfray 
have advocated the use of a formula, giving the normal coefficient a 
value of 1, and so arranging the equation that a diminution in renal 
function would cause a drop in the constant. Their suggestion was not 
well received in France. 

Ambard has suggested a means of calculating the functional capacity 
of a damaged kidney in terms of percentage of the normal. For ex- 
ample, if, after the injection of urea, a normal individual presents a 
blood-urea of 0.7 gram per liter, his rate of output should be 100 grams 
per twenty-four hours, at the standard concentration of 25 per 1,000. 
This gives a coefficient of 0.07. If a nephritic with a similar concen- 
tration of blood-urea excretes only 25 grams at the standard concen- 
tration, his rate of output is reduced to a quarter of the normal. His 
coefficient under these conditions would be 0.14, because 

_ Blood-urea 0.7 

K = : = = 0.14 



j/Rate of Output |/25 
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Again, if the rate of output were reduced to one-ninth the normal, 
or 11.11 g^ams, the coeflBcient would be 

0.7 
=021 



/ 



11.11 

The absolute functional value of the kidney can also be obtained from 
the coefl5cient by the use of the following equation: 

= functional value of the kidney in terms of 

(Pathologic coeflBcient) normal. 

ro 07 "I* 

If we apply this formula to the first case : -^— = 0.25, that is, 

the functional capacity of the kidney is reduced to one-fourth of the 
normal value. This corresponds to the theoretical diminution in the 

rate of output. The same applies to the second case: jj^ «=0.11, 

or one-ninth of the normal value. 

Ambard gives 0.07 as the normal value of the coefl&cient, with normal 
range of from 0.06 to 0.08. In a series of 107 determinations, McLean 
finds the maximum normal range of the coeflBcient to be from 0.05 to 
0.09 (index 235^80). He considers any coeflBcient above 0.09 (index 
below 80) distinctly abnormal, unless the reduced rate of urea excre- 
tion can be accounted for. An insuflScient water intake is a possible 
cause of increased values of the coeflBcient in quite normal persons. 

^Lewis gives his findings of Ambard 's coeflBcient and McLean's in- 
dex in the accompanying tables. The findings in normal cases are 
given in Table 21. The results in pathological cases are found in Tables 
22-25. 

Lewis, from whose excellent work we have largely drawn, thus sum- 
marizes his observations: 

1. The laws of function are not followed with mathematical exact- 
ness in young and active individuals, but under routine conditions they 
are remarkably accurate. They are correct in principle. 

2. The coeflBcient of urea excretion is subject to certain variations 
. in normals, but any value below 0.06 or above 0.09 should be regarded 

as abnormal unless the excessive variation can be readily explained. 

3. The coeflBcient is absolutely independent of the blood urea con- 
centration. Its level is governed by the condition of renal function. 

4. The coeflBcient is depressed in fever, in hyperthyroidism, in 
hypertension with early changes in the renal arterioles, and in early 
chronic diflfuse nephritis. The depression is an evidence of increased 
renal activity due to irritation. 

5. The coeflBcient is raised in myxedema. 

6. There is an increase of the coeflBcient in myocardial insuflBciency. 
Opinions are divided as to whether this is the eflfect of an extrarenal 
factor (the circulation) or whether there is a definite anatomic lesion 
in the passively congested kidney. 
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TabiiB 21. — AifBARp's CoEFncnsNT AND McLean's Index in Nobmal Cases. 

(Lewis.) 





UreaN. 






Phthalein 




Case 


(Mg. per 


Ambard 


McLean 


Output 
(Per Cent. 


Diagnosis 


No. 


100 c. c. 


Coefficient 


Index 




Blood) 






2 Hours) 




301 


9 


0.053 


228 


55 


Psychoneurosis 


302 


12 


0.054 


220 


• • 




303 


14 


0.056 


204 


• • 


Primary anemia 


304 


20 


0.058 


190 


• • 




305 


10 


0.062 


167 


62 


Psychoneurosis 


306 


13 


0.062 


167 


60 




307 


10 


0.066 


147 


• • 




308 


7 


0.058 


190 


• • 




309 


16 


0.063 


161 


• • 


Primary anemia 


310 


14 


0.064 


156 


57 


Cerebral arteriosclerosia 


312 


10 


0.067 


143 


56 


Neurasthenia 


314 


14 


0.072 


124 


66 




315 


14 


072 


124 


76 


Syphilis, tertiary 


316 


17 


0.073 


120 


• • 


Primary anemia 


317 


16 


0.074 


117 


60 


Gastroptosis 


319 


19 


0.075 


114 


65 


Diabetes mellitus 


320 


11 


0.076 


111 


47 


Colloid goiter 


321 


16 


0.077 


108 


67 


Multiple sclerosis 
Syf^hilis 


322 


14 


0.077 


108 


• • 


323 


11 


0.077 


108 


• • 


Primary anemia 


325 


20 


0.078 


105 


• • 




326 


13 


0.079 


102 


50 


Neurasthenia 


327 


18 


0.079 


102 


60 


Syphilis, tertiary 


329 


23 


0.081 


97 


66 




330 


14 


0.082 


95 


51 


Obesity 


332 


11 


0.082 


95 


57 


Pyloric stenosis 


333 


13 


0.083 


93 


55 


Neurasthenia 


335 


16 


0.085 


89 


60 


Chronic appendicitis 


336 


10 


0.087 


85 


67 




337 


17 


0.087 


85 


55 


General paresis 


339 


17 


0.092 


76 


55 


Intestinal parasitism 


340 


20 


0.092 


76 


79 


Psychoneurosis 



Table 22. — ^Primary Hypertensive Cardiovascular Disease. (Lewis.) 





Gram 


Cose 


Urea 


No. 


per 
Liter of 




Urine, C. 


• • 


21.3 


• • 


9. 


10 


• • • • 


14 


« • ■ • 


1 


5.4 


5 


8.2 


6 


16.2 


12 


30.6 


7 


4.9 


18 


11.3 



(Corrected 

Rate of 

Output per 

24 Hours 

Dx— X 



15.1 
13.1 



14.5 
14.8 
17.8 
50.9 
6.7 
10.5 



Gram 

Urea per 

Jiiter 

Blood 

Ur. 



0.193 
0.171 



0.193 

0.214 

0.235 

0.406 

0.15 

0.193 



Urea 

Nitrogen 

(Mg. per 

100 c.c. 

Blood) 



9 

8 

9 

12 

9 

10 

11 

19 

7 

9 



Ambard 
Coefficient 



0.05 

0.048 

05 

0.051 

0.051 

0.055 

0.056 

0.057 

0.058 

0.059 



McLean 
Index 



257 
278 
256 
246 
246 
212 
204 
197 
190 
181 



Phthalein 

Output 

(2 HoiiiB) 



76 
70 
60 
63 
70 
58 
53 
58 
64 
85 
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Table 23. — ^Earlt Chronic Nephritib. (Lewis.) 





Gram 


Case 


Urea 


No. 


per 




Liter of 




Urine, C. 


11 


• • • • 


2 


29.4 


3 


7.11 


8 


4.6 


• • 


4.6 


• • 


14.7 


• • 


3.2 


4 


19.6 


• • 

9 


• • • • 

7.3 


11 


8.9 



Corrected 

Rate of 

Output per 

24 Hours 

-. 70 Vc 

P V26 



37.9 
18.9 
12.3 

6.3 
14.5 

8.9 
21.8 

• • • ■ 

6.2 
9.3 



Gram 

Urea per 

Liter 

Blood 

Ur. 



0.321 

0.235 

0.193 

0.15 

0.193 

0.15 

0.257 

o'.in 

0.257 



Urea 
Nitrogen 
(Mg. per 

100 c.c. 

Blood) 



10 

15 

11 

9 

7 

9 

7 

12 

8 

8 

12 



Ambard 
Coefficient 



0.052 

0.053 

0.054 

0.055 

0.059 

0.051 

0.05 

0.055 

0.058 

0.068 

0.07 



McLean 
Index 



237 
227 
220 
212 
184 
246 
256 
212 
190 
138 
130 



Phthalein 
Output 



69 
65 

78 
71 

• • 

67 

• • 

56 
69 
70 
69 



Table 24. — ^Acutb Nephbitis. (Lewis.) 





Non- 


Urea 


Percentage 
of 








Case 


protein 
Nitrogen 
(Mg. per 

100 c.c. 

Blood) 


Nitrogen 


Total 


Ambard 


McLean 


Phthalein 


No. 


(Mg. per 


Non- 


Coefficient 


Index 


Output 




100 c.c. 


protein 






(2 Hours) 




Blood) 


as Urea 
Nitrogen 








• • • 




34 


• • • • 


0.116 


• • • 


40 


• • • 




16 


• • • • 


0.062 


• • • 


. • 


• • • 


• • • 


11 


• • • • 


0.069 


• • • 


55 


160 




45 


• • • • 


0.13 


38 


• • 


« • • 




39 


• • • • 


0.104 


59 


• • 


162 




44 


• • • • 


0.134 


36 


15 


• • • 




22 


• • • • 


0.079 


108 


50 


85 


44 


27 


61.5 


0.172 


21 


40 


• • • 


20 


10 


50. 


0.063 


163 


65 


95 


60 


46 


76.7 


0.232 


12 


• • 


• • • 


60 


45 


75. 


0.203 


16 


48 


• • • 


57 


36 


63.2 


0.162 


24 


• • 


• • • 


49 


27 


55.1 


0.124 


42 


• • 


• • • 


• • • 


24 


• • • • 


0.107 


56 


44 


• • • 


• • ■ 


22 


• • • • 


0.119 


45 


• • 


• • • 


30 


22 


73.3 


0.111 


52 


50 


• • • 


19 


12 


63.2 


074 


117 


• • 


• • • 


14 


9 


64.3 


0.054 


219 


58 


• • • 


16 


9 


56.1 


0.061 


172 


63 


132 


129 


117 


90.8 


0.4 


4 


15 


• • • 


• • • 


45 


• • • • 


0.179 


3 


23 


119 


178 


148 


83.2 


1.09 


0.5 


• • 


• • • 


170 


141 


83. 


1.36 


0.3 


T. 


• • • 


X 125 


102 


81.6 


0.55 


2.1 


11 


• • • 


78 


55 


70.5 


0.41 


3.8 


• • 


• • • 


42 


23 


54.8 


0.186 


18 


27 


• • • 


26 


11 


42.4 


0.124 


42 


35 


• • • 


22 


8 


36.4 


0.064 


156 


45 


• • • 


22 

* 


11 


50. 


0.12 


53 


. • 
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7. The coefiScient is above normal in nephritis with renal insuffi- 
ciency. This increase is more evident in chronic diffuse nephritis than 
in the vascular type, due to the greater frequency of renal insufficiency 
in the former cases. The coefficient shows an increase long before there 
is any evidence of nitrogen retention in the blood. The coefficient 
gives an excellent means of following the changes in renal function and 
of measuring the rate of progress of the disease. 

8. There is a marked uniformity in the results of the phenolsul- 
phonephthalein test and the coefficient in all stages of nephritis. In the 
later stages there is also a close agreement between the non-protein 
nitrogen of the blood and the coefficient. 

9. In a few severe cases the coefficient varies without there being 
any evident change in the clinical condition; the causes of these varia- 
tions have been discussed. 

10. The prognostic value of the coefficient is considerable. Values 
above 0.2 are seen only in the severe cases, while constants persistently 
above 0.3 are found only in persons with a maximal impairment of 
renal function. A coefficient above 0.2 has a graver import in vascular 
nephritis tlian in that of the chronic diffuse type. 

11. For an accurate prognosis, repeated determinations of the co- 
efficient are of greater importance. 



Table 26. — (yOicpoBrnoN of Normal Blood and of the Blood in Cebtain 

Pathological Conditions. 

(Mg. per 100 c.c.) 





Normal 


Chronic 
Nephritis 


Uremia 


Total solids. Der cent 


20.0 

3.0 
25-35 
12-23 

1-3 

1-2 

5-9 

4^5 
0.1-0.2 

0.65 


13-19 

2.5-3.0 

35-90 

16-70 

1-4 

1-3 


12-18 


Total N., per cent 


1.7-2.7 


Non-Drotein, N 


90-350 


UreaN 


70-300 


Uric acid 


4-27 


Creatinin 


4-33 


Creatin 


5-30 


Amino-acid N 




6-16.0 


Ammonia N 


0.1-0.2 
0.55-0.75 


0.2-1.0 


Chlorids as NaCl. Der cent 


0.45-0.65 







Kholzoff has been giving a thorough trial to Ambard's formula for 
estimating the work of the kidneys by the proportion between the urea 
in the blood and in the urine. Kholzoff thinks that the total amount 
of urea and chlorid eliminated by the kidneys during the twenty-four 
hours is of greater importance than the percentage in urine or blood. 
At the same time he lauds the Ambard index as accurate and reliable, 
giving a better idea of the renal function than any other method. He 
says the method is not reliable for determining the function of each 
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kidney separately, because the technic of collecting urine from each 
kidney is not perfect. Yet it is highly important to collect the whole 
amount of urine without any losses. Therefore, this method can be 
only of limited use, as, for instance, for the purpose of determining 
the function of both kidneys, or when there is but one kidney due to 
congenital deformity or to disease. 

Legueu has obtained very favorable results with this method. The 
uremic constant in case of a tuberculous process in the kidney is modi- 
fied by the extent of the functional disturbance entailed by the morbid 
process, also by the concomitant or consecutive inflammation in the kid- 
ney, and by th^ extent of the compensating hypertrophy of the sound 
mate or of parts of the diseased kidney. This sound mate in time 
may become so functionally capable that it may compensate entirely 
the diseased kidney; in this case the uremic constant would indicate 
normal conditions in regard to the secretion of urine, and the diseased 
kidney could be removed without the slightest hesitation (Legueu). 

Legueu found that in every case in which nephrectomy was done 
on the basis of a normal uremic constant — about 0.07 — ^the ultimate 
course confirmed the correctness of the premises. A number .of typical 
cases are described in detail out of the 70 in which the formula was 
calculated in advance of the nephrectomy. In 22 cases it proved impos- 
sible to introduce the ureter catheter and here the uremic constant 
was almost the sole reliance. Only one of the 70 patients died from renal 
insufiiciency, and this was the only case in which the findings of the 
uremic constant had been disregarded; for certain special reasons the 
operation was attempted contrary to the indications. The fatal out- 
come of the nephrectomy in this case sustains anew the diagnostic im- 
portance of this method of estimating, by mathematical formula, the 
work the kidneys are doing in each individual. 

2. McLean's Index of Excretion of Urea and Chlorid (Fig. 49t). — 
In 1915, McLean, basing his studies on the work of Ambard and his 
collaborators, formulated an index for the study of kidney function. 
As Ambard 's coefficient expresses changes in urea excretion by varia- 
tions in the value of the constant, K, these variations must be expressed 
on an arbitrary scale. Values for K increase directly with increase 
in Ur. (the urea concentration in the blood), other factors remaining 
the same. Changes in K, then, reflect changes in the blood urea, 
which changes occur as the square root of changes in the rate of ex- 
cretion. 

In order to express the changes in rate of excretion in a manner 
mathematically correct and based on a scale of 100 for the sake of 
comparison, McLean used a formula adapted from the laws of Ambard, 
which he has called the Index of Urea Excretion. An index of 100, 
corresponding to a value for Ambard 's coefficient of 0.080, is the stand- 
ard normal index, and variations are expressed directly in terms of 
the normal. Thus an index of 50 indicates a rate of excretion of 50 per 
cent, of normal under the conditions of concentration in the blood and 
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urine. The index is based on a standard normal Ambard's coefiScient 
of 0.080. The derivation of the index is as follows: 

(Rate of excretion found) 

Index = X 100 

(Standard Normal Rate) 

(under the same conditions of weight and concentration in blood and 

in urine) 
From the law of Ambard : 

Ur. r Up "I * 

Similarly (2), 0.080 = 



V Normal Rate 

r Ur "1 * 
;. Normal Rate = [ q^q^ J 



Therefore (3), ^^^^ 



Normal Rate 



L K J r 0.080 1 * 

r Ur. i« ""L K. J 

L 0.080 J 



•nd (4), Index = 100 X [-5f5.] '^ [-^] ' 

Substituting for K ( Ambard 's CoefiScient) and simplifying 

Index = Gm. Urea per 24 hours V Gm. Urea per liter urine X 8.96 

Wt. in Kilos X (Gm. Urea per liter of blood)* 

When K. = 0.080, the standard normal index, I, = 100. 

In this form the index offers a means of measuring the rate of ex- 
cretion, under the conditions found at any given time, directly in terms 
of the normal, and does not require the use of an empirical scale for 
comparison of pathological cases with the normal (McLean). 

Ambard and Weill also applied laws to the excretion of sodium 
chlorid in the human subjects. They found that the same general laws 
(discussed under Ambard 's CoefiScient) were applicable here, with the 
important exception that, while excretion of urea occurs, no matter how 
low its concentration falls in the blood, there is a threshold for chlorid 
excretion, and when the concentration in the plasma falls below the 
threshold value, excretion of chlorid practically ceases. In view of the 
fact that there is a wide difiference in chlorid content of the corpuscles 
and plasma, plasma alone, as the fluid part of the blood, has been studied. 
Ambard and Weill, partly by direct experiments and partly by plot- 
ting curves, establisBed the normal threshold value for sodium chlorid 
as 5.62 grams per liter of plasma. Therefore, the sodium chlorid above 
5.62 grams per liter determines the rate of excretion, and the law 
may be expressed as for urea: 
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^ Excess of NaCl over 5.62 grams per liter of plasma 
Constant = - — 

/NaCl in 24 hours ^ , ^ 

V Wt. in Kilos /NaCl per liter of Urine 

For practical use it appears best to calculate the plasma sodium 
chlorid from the rate of excretion, and to compare the calculated con- 
centration with that actually found. The formula, as derived with the 
use of values actually found for the constant in the above formula, 
reads : 




DX — X 
Plasma NaCl = 5.62 + / '^ Wt. '^ 



/ 



79.33 



This in the simplest form reads: 



Plasma / / 

Gm. NaCl per 24 hours X V Qm. NaCl per liter Urine 



NaCl = 5.62 + 




4.23 X Wt. in Kilos 



The constancy of this formula depends upon two factors: (1) the 
constancy of the threshold, and (2) the constancy of the rate of excre- 
tion of NaCl above the threshold. Assuming that the laws for rate of 
excretion of NaCl over the threshold remain constant in normal indi* 
viduals, one may calculate the threshold by subtracting the calculated 
excess from the NaCl actually found in the plasma, by the following 
formula : 



Threshold = Plasma NaCl ' ^ \^V C 




4.23 Wt. 

This formula is subject to error if the rate of excretion over the 
threshold varies. 

The principles of the laws of urea and chlorid excretion are illus- 
trated by McLean in a very simple way. If we imagine a vessel into 
which water Hows at a constant rate, escaping through an outlet at the 
bottom, the water will seek the level in the vessel at which the pressure 
is such that the rate of outflow is exactly equal to the intake. If we then 
increase or decrease the rate of flow, the level will change to meet the new 
conditions. Tlie change in level of the fluid in the vessel may be re- 
garded as a compensatory change. Under i)hysiological conditions fluc- 
tuations in the level of the blood-urea compensate ' for the changes in 
the rapidity of formation of urea, and changes in the level of chlorid 
in the plasma compensate for fluctuations in chlorid intake. Under 
pathological conditions, changes in the level of urea and sodium chlorid 
in the blood also occur to compensate for changes in the outlet, in 
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the form of the diseased kidneys. In the case of chlorid the outlet 
of the vessel must be considered as being at some distance from the 
bottom, and in such a case, only the level of fluid above the outlet would 
play any part in determining the rate of outflow, which would cease 
when the level of the fluid fell to the level of the outlet. Similarly, only 
the chlorid above the threshold determines the rate of excretion, which 
practically ceases when the threshold value is reached. 

The method of investigation followed by McLean is as follows: One- 
half hour after the patient drinks 150 to 200 c.c. of fluid the bladder is 
emptied and the subject takes no further fluid or food until a care- 
fully timed period, usually of 72 minutes, is ended. The urine excreted 
during this period is collected, and at the middle of the period about 
10 c.c. of blood are withdrawn from an arm vein, clotting being pre- 
vented by a small amount of powdered potassium oxalate. The choice 
of a period of 72 minutes is merely for the sake of convenience, 72 
minutes being 1/20 of 24 hours. A 1 or 2-hour period may, of course, 
be used, all calculations in any case being made on a basis of 24 hours. 
In case an error of a few minutes is made in the time of collection of 
the second specimen, the calculation should be made on the basis of 
the time actually elapsed between the voiding of the first and second 
specimens. The amount of urea in the whole blood, the total chlorids, 
estimated as sodium chlorid, in the oxalated plasma after centrifugali- 
zation, are determined. Both urea and chlorids are determined in the 
urine. By substituting the values obtained in the proper formulas the 
relationship of the rate of excretion of these substances to their con- 
centration in the blood is determined. The index for urea and chlorid 
is calculated from the formula given above as follows : 

**The results from the determinations are calculated to the form in 
which they are to be expressed in the formula. The weight of the in- 
dividual, without clothing, should be known to within one kilogram. The 
four variables are substituted in the formula, and the index calculated. 
Calculation has been rendered simple by the use of a special calculating 
device, illustrated in Figure 49. With this device, which is a modified 
10-inch slide-rule, one needs to remember neither the formula nor the 
mathematical principles involved. With a little practice in reading the 
scales, calculation becomes purely mechanical, and requires only a few 
seconds. Without this slide-rule, calculation is most easily performed 
with an ordinary slide-rule, or by the aid of logarithms." 

McLean asserts that: **An index below 80 is to be considered as 
abnormal, though not necessarily seriously so. In renal disease an 
index below 50 is indicative of a considerable degree of impairment of 
functional ability. The amount of damage to the kidneys, it is be- 
lieved, is increasingly greater as the index is lower, and tends to ap- 
proach zero. But a low index may be only temporary, as in the passive 
congestion of heart-failure or in acute nephritis, and may return to 
normal on improvement of the condition which is responsible for im- 
paired function. The actual figure obtained for the index should be 
of value in prognosis in renal disease, though renal function alone is 
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Table 27.— Illttstration of Indspbndence op Index and Nitrogen 
Intake*. (McLean.) 
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Tasle 28.— Iu-csteation of the Comparison Bbtvekn the Urka Index and Pk»- 

'CENTAOE OF PHBNOLaULPHONEPHTHALEIN ExCRETED IN TwO HoURS. (McLeon.) 
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Acute nephritis. , . . , 

Acute nephritis 

Chronic nephritis 

Chronic nephritis 
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often not the determining factor in prognosis. In our experience a 
low index has at times been the first indication of a serious kidney 
involvement. When the condition is stationary, life may be maintained 
for some time with a low index. For example, we have seen patients 
with chronic nephritis survive for several months with an index of from 
5 to 8, and we have seen recovery from acute nephritis after a number 
of weeks, during which time we have obtained the same figures. In an- 
other instance, the patient survived for about a month after the index 
was as low as 1.2. Such figures, in chronic disease, certainly determine 
a grave prognosis. But, unless the condition is known to be progres- 
sive, it is diflBcult to give a prognosis as to the duration of life. Other as- 
pects of the disease must be considered in attempting a prognosis. 

** Progressive decrease in the index, usually associated with a cor- 
responding increase in the concentration of urea in the blood, is of 
serious import. Two cases have recently been under observation in 
which such a fall in the index was followed by death within a short 
time. In one case the fall in the index was the first indication of im- 
pending uremia, although the first symptoms did not occur until ten 
days after the discovery of a change in the index. 

**Use of the index as a guide to dietetic or other treatment of nephritis 
must depend on further studies. It is doubtful whether the diminished 
urea content of the blood which follows a diminished nitrogen intake 
has any direct beneficial effect. Whether a long continued rest of the 
urea function will improve that function remains to be demonstrated. 
On general principles, an impaired function should not be overtaxed, and 
a restricted protein intake should be advised in cases with a markedly 
lowered index of excretion. But brutal restriction of nitrogen intake 
to below the nitrogen requirement of the body does not seem to be in- 
dicated in cases which are capable of excreting normal amounts of urea, 
though the blood nitrogen may be high and the index low. 

**The influence of diuretic drugs also requires further study. Here 
the findings will depend on the type of case studied, and it is necessary 
to have a satisfactory method for grouping them. Study of diuretic 
drugs, involving also their effect on chlorid function, is in progress. 

** Application of the index is seriously interfered with when water 
excretion is greatly diminished, as in passive congestion or in some 
forms of nephritis. The laws of urea excretion depend on a sufficiently 
rapid rate of urine excretion, and they fail to apply when the water 
output is greatly diminished. We make it a general rule not to attempt 
to apply the index when a rate of urinary outflow equal to at least 
500 c.c. in 24 hours cannot be attained." 

3. Physical Methods for Determining Composition of the BloocL 
— Freezing-point, Refracti\^ Index and Specific Gravity op Blooi>> 
SERUM. — In order to differentiate nephropathies, cardiopathies and al- 
lied conditions, Butterfield, Erdwurm and Braddock made extensive 
studies of the physical and chemical properties of the serum. 

It is well known that the delayed elimination of certain substances 
in the usual forms of nephritis results eventually in the retention of 
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these substances in the body. At present there is a lack of definite 
information concerning the quantitative distribution of the retained 
substances throughout the body fluids and tissues. It is known, how- 
ever, that an increased concentration of certain substances in the blood- 
serum occurs in many cases of nephritis. Furthermore, the blood-serum 
is the most accessible material to study for evidence of changes in con- 
centration, which would result from retention of suflScient quantities 
of the substances in question. 

Through the work of Widal and his collaborators, of H. Strauss and 
P. von Monakow, the existence of two definite forms of nephritic reten- 
tion has been established. In one form water and salt are retained, while 
in the other, there is retention of nitrogenous substances. In some 
cases both forms of retention occur together. While this information 
has been derived chiefly from metabolism studies, it would seem logical 
to suppose that a sufficiently prolonged retention would be followed 
by characteristic changes in the blood-serum. The detection of these 
changes in the serum would depend largely on a fortunate selection of 
methods. Chemical methods alone would not always yield the informa- 
tion desired. A determination of the concentration of sodium chlorid, 
for example, would reveal little or nothing if both water and salt were 
retained in corresponding amounts. Nevertheless, the resulting dilution 
of the serum with aqueous salt solution could be detected by physical 
methods. H. Strauss made use of the refractometer for this purpose, 
and thereby called attention to the hydremic state of the blood-serum, 
estimated by the low refractive index, in cases of nephritis with edema. 

Other physical methods may be used to detect different changes in 
nephritic blood-serum. The freezing-point, for example, may be taken 
as a measure of the concentration of relatively simple molecules, irre- 
spective of their chemical nature. Although the freezing-point method 
has been more or less abandoned of late, previous reliable work has 
shown that there is an increased depression of the freezing-point of 
the blood-serum in most cases of uremia. Specific gravity determination 
has also been used to detect changes in the composition of blood-serum, 
and hydremic sera have been recognized previously by this method. 

The numerical values of the freezing-point, refractive index, and spe- 
cific gravity not only deviate from the normal, but may also vary inde- 
pendently of one another. These independent • variations represent 
changes in the concentration of entirely different groups of substances. 
Consequently, the systematic use of these methods would seem especially 
applicable to the problem of nephritic retention, and should yield valu- 
able results in the diagnosis of cardiopathies and nephropathies. This 
is in fact the case, and it has been possible with these methods to es- 
tablish characteristic serum pictures for (1) chronic nephritis with 
edema, (2) chronic nephritis with uremia, and (3) chronic nephritis 
with both edema and uremia. Furthermore, chronic nephritis with 
edema may be differentiated from cardiac decompensation with edema by 
analysis of the serum. Finally, it is possible to recognize a group of 
cases which cannot be classified either as primary cardiopathy or neph- 

VOL. II.— 21. 
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ropathy. These cases show persistent hypertension and an extremely 
concentrated serum. In the absence of more detailed knowledge they 
may be designated provisionally as primary arteriosclerotic hypertension. 

Butterfield and his collaborators, in their study of the physical 
changes of blood and serum, determined the freezing-point, refractive 
index, and specific gravity and supplemented them by determination of 
the protein content and dry residue of the serum. While these sup- 
plementary determinations do not add materially to the results, they 
furnish a striking demonstration of the relatively large variations pos- 
sible in the solid constituents of the blood-serum in different diseases. 

The freezing-point was determined with the Beckmann apparatus. 

The refractive index was determined with the Zeiss immersion re- 
f ractometer. The expression A Nd X 10^ represents the difference be- 
tween the refractive indices of serum and water at the same tempera- 
ture, multiplied by 1,000. This makes the numerical results more strik- 
ing to the eye without affecting their validity in any way. 

The specific gravity was determined with an Ostwald pyknometer. 
The figures given are corrected for temperature and buoyancy of air. 
The specific gravity is designated as *'sp. gr.*' in the tables. 

The protein content was determined gravimetrically after precipi- 
tation by alcohol. The dry residue was determined in the customary 
manner. The results of the determinations of the protein content and 
dry residue are expressed as percentage weight in volume. 

Ten to 15 c.c. of serum are sufficient for a single determination of the 
freezing-point, refractive index, specific gravity, protein content and 
dry residue. 

Butterfield, Erdwurm and Braddock draw the following conclusions 
from their work: 

The results obtained (Table 29) demonstrate the practical value of 
this system of analysis in differentiating the cardiopathies from the 
nephropathies and in classifying the nephropathies. The diagnostic re- 
sults thus obtained should correspond closely to the results obtained by 
a study of the metabolism balance. Determination of the freezing-point, 
refractive index, and specific gravity of blood-serum is a simple pro- 
cedure and requires, at most, two hours, while a study of the metabolism 
balance covering the same ground would take at least a week. Analysis 
of serum by these Methods possesses other advantages over the meta- 
bolism method. Retention of nitrogen or of water and salt is common 
to a variety of conditions, and is not necessarily indicative of nephritis. 
Serum analysis enables one to differentiate the cases in which retention 
is the result of defective renal elimination from those in which retention 
is due to other causes. 

On the other hand, there are limitations to the serum work. It is 
obvious that the retention of any substance must attain a certain 
threshold figure with respect to time and quantity before any changes 
can be detected in the serum by these methods. It is conceivable that 
a slight retention could be detected by the metabolism method 
before definite changes occurred in the serum. The metabolism method 
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Table 29. — ^Analtsis op the Blood-serum. 
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and serum analysis should be used to supplement each other until suffi- 
cient comparative data have been obtained. 

It should also be borne in mind that the serum findings merely give 
a picture of the state of the serum at the time of examination. In 
pathological cases this picture may change from time to time with the 
progression or regression of the correlated symptoms. A uremic attack 
may clear up after several weeks, either spontaneously or as a result 
of bleeding and restriction of protein in the diet, and the freezing-point 
may then return to normal. Similarly a hydremic serum may gradually 
change to normal during the disappearance of nephritic edema. 

Serum analysis, as well as the metabolism method, also furnishes 
valuable indications as to the course of dietetic therapy to be fol- 
lowed in the different form of nephropathies. In the uremic type a 
restriction of protein to the minimum necessary for maintenance is 
clearly indicated ; at the same time the general nutrition should be kept 
up by increasing the fat and carbohydrate in the diet. In the hydropic 
form of nephropathy restriction of salt is indicated. Bleeding is bene- 
ficial in either uremic or hydropic cases. The restriction of salt or 
protein in the diet relieves the kidney of unnecessary work and rests 
the damaged function. No one would expect such treatment to remove 
scar tissue from the kidney or restore destroyed structures. It may be 
possible, however, to prevent a progression of the destruction of renal 
substance and to restore the function of partially damaged structures. 
At present it is impossible to foresee the beneficial results which may 
be derived from the dietetic treatment of early cases of chronic nephri- 
tis. It is not unreasonable to suppose that similar results would be ob- 
tained as in the rational dietetic treatment of diabetes. 

Krotoszyner and Hartman investigated the value of blood cryoscopy 
and blood urea in a comparative study of renal function. They discuss 
their results in the following words: 

''A comparative study of the clinical importance of blood urea and 
blood cryoscopy must necessarily be based on the consideration of the 
significance of the two tests. Blood urea estimates renal function by 
quantitative determination of retention in the blood of a single, though 
admittedly the most important, constituent of urine; in renal insuffi- 
ciency the test indicates pathologic accumulation of end-products of 
nitrogen metabolism, and, therefore, does not so much register the de- 
gree, course and variability, as merely the final stage of disturbed func- 
tion. Blood cryoscopy, on the other hand, does not depend on retention 
of a single urinary constituent, but on the total sum of retained mole- 
cules; or, in other words, it measures renal secretory activity in its 
totality. On account of the narrow margin of freezing-points between 
normal and pathologic values, the rise or fall of renal functional ca- 
pacity can be followed by repeated cryoscopy, and the test assumes, 
by this means, a prognostic significance which is of the utmost im- 
portance for surgical purposes, since on its findings indications for 
rational therapeutic measures may be based. Blood urea, on the other 
hand, because simply demonstrating abnormalities of renal metabolism. 
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to which the organism has been subjected in the past, and on account 
of its very broad range for normal values, is a less delicate index of 
variations in renal activity, and, therefore, lacks in prognostic finesse. 

**Thus, in a patient with prostatic cancer, who died a few days after 
prostatectomy, freezing-points gradually rising to 0.580 were found, 
while the corresponding blood urea points ranged between the normal 
figures of 165 and 420. In a comparative study of a fatal case, of similar 
type, in which gradual deterioration of renal function was ascertained 
by freezing-points rising from 0.540 to 0.611, the corresponding blood 
urea points varied between 288 and 542, values which are considered 
to lie still within normal limits. 

**In contrast to these findings, five patients with chronic nephritis, 
with death in uremic coma, showed for both tests high or pathologic 
points, thus giving parallel results. 

"The greatest objection which has been made to blood cryoscopy is 
the limited range of normal freezing-points, which lie within 0.02 of 
1 degree C, and on account of which the slightest inaccuracy in technic 
may vitiate the result. While this objection does not obtain with blood 
urea, because of its very broad range up to 550 mg., the drawbacks of 
the test, as pointed out above, are not offset by the technical difficulty 
of cryoscopy. After a long practical experience with blood cryoscopy 
we must admit that its technic is exceedingly delicate, and that correct 
determination of the end-point is ohly feasible after long and continu- 
ous practice ; since differences exceeding 0.005 of 1 degree C. may con- 
siderably change interpretation of end-results. During the course of 
the test a great many precautions must be continuously observed in the 
handling of the apparatus, thorough skill in which can only be acquired 
by constant application of an intelligent operator with laboratory train- 
ing. Everything in the performance of the test, therefore, depends on 
attention to detail, which, if neglected in the slightest, may entirely 
upset the end-result. As soon, though, as these technical difficulties 
have been mastered, the results assume a surprisingly uniform aspect 
and the test becomes, in experienced hands, a finer and more exact 
index of renal function than any other method of determination of total 
renal function. In determination of blood urea, on the other hand, the 
technic is rather gross and is easily learned and mastered, so that the 
average intern, after some experience, may obtain reliable results. We 
can, nevertheless, only partly agree with Hinman's statement, which 
designates blood urea as the simplest, most definite and most practical 
of tests of retention. It is certainly simpler, and therefore possibly more 
practical, but not more definite than cryoscopy, the technic of which 
is not so difficult as not to be within reach of every surgical assistant." 

4. Chemical Composition of the Blood. — The Non-Protein Nitro- 
genous Constituents op the Blood. — Ever since the time Prevost and 
Dumas who, in 1823, first demonstrated an increase of the urea of the 
blood, after extirpation of the kidneys in animals, the total non-protein 
nitrogen and the urea of the blood have been the subject of repeated 
investigations and have been accorded considerable importance in the 
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diagnosis and prognosis of Bright 's disease. Owing, however, to the fact 
that the methods employed have been various and more or less subject 
to error, the results obtained have been conflicting. This may be readily 
seen when we find that the total non-protein nitrogen in the normal 
person is given as anywhere from 25 to 60 mg. per hundred c.c. of 
blood. The brilliant methods recently devised by Folin render possible 
the accurate estimation of these substances in a small amount of blood, 
from 2 to 5 c.c. sufficing for all the analyses. The increase in ac- 
curacy depends upon an improved method of removing the proteins 
from the blood, and the use of Nessler's solution makes it possible 
to work with small quantities of blood (Tileston and Comfort). 

The term ** non-protein nitrogen" explains itself. It includes all 
the nitrogenous substances remaining after the removal of proteins by 
precipitation, in the case of Folin 's method, by means of methyl alcohol 
and later zinc chlorid. Other names for it are ** incoagulable nitrogen," 
** filtrate nitrogen," **rest" or ** retention nitrogen." 

Folin 's method for the total non-protein nitrogen is essentially a 
**Micro-Kjeldahl" process, in which the ammonia, after neutralization 
of the products of digestion, is blown over into a collecting vessel by 
a current of air instead of by distillation, and is estimated by the use 
of Nessler's solution and the colorimeter, as in water analysis. His 
method of urea depends upon the quantitative breaking down of this 
substance to ammonia at a temperature of 150° C, and its subsequent 
estimation in the same manner as the total nitrogen. The figures ob- 
tained represent urea estimated as nitrogen, and include the ammonia 
nitrogen, which, however, is so small in normal blood, and presumably in 
most forms of disease, as to be negligible. 

Hohlweg, in association with Meyer, was among the first to demon- 
strate the value of determining the rest N of the serum in the diag- 
nosis and prognosis of severe nephritis. He reported observations on 
the rest N of the serum of patients with unilateral and bilateral kidney 
disease, before and after operation. He found normal values in pure 
unilateral disease and no increase following nephrectomy, if the remain- 
ing kidney was normal. In patients with one diseased kidney and a toxic 
injury in the other, the rest N is increased. Values up to 75 mg. for 
100 c.c. of serum do not contra-indicate operation and in general indi- 
cate that the process in the good side is still reparable, or at least capable 
of improvement. Values of 100 mg. contra-indicate operation. The rest 
N may increase just after operation but in 4 to 6 weeks it returns to its 
original level and may go lower than normal. 

Folin and Denis, working with the new methods, found in a series 
of 16 healthy adults that the total non-protein nitrogen varied within nap- 
row limits, and from 22 to 26 mg. per 100 c.c. of blood, while the urea 
nitrogen was exactly half as much — from 11 to 13 mg. The blood was 
taken in the forenoon, from 3 to 6 hours after breakfast. The figures 
given by previous investigators, as already mentioned, are all too high 
by reason of faulty methods. 

Tileston and Comfort studied 142 cases of one sort or another. For 
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the purpose of classification, they have been divided into 11 groups, as 
follows: (1) chronic nephritis; (2) other diseases of the kidneys and 
of the genito-urinary tract; (3) lead-poisoning; (4) the complications 
of pregnancy; (5) acute intestinal obstruction; (6) diseases of the 
heart and aorta; (7) the acute infections; (8) syphilis; (9) tubercu- 
losis; (10) diseases of the nervous system; (11) miscellaneous diseases. 
These will be taken up in order. 

For practical purposes they considered figures for the nitrogen be- 
low 30 mg. normal ; those from 30 to 35, slightly increased ; from 35 to 
50, considerably increased ; and from 50 to 100, greatly increased. One 
hundred mg. or more constitute a very dangerous elevation of the waste 
nitrogen. In the case of urea nitrogen, anything over 16 mg. is prob- 
ably abnormal, and above 25 mg., considerably increased. 

Tileston and Comfort concluded from their investigations that: 

1. In the fasting healthy adult the total non-protein nitrogen varied 
between 22.9 and 25 mg. per 100 c.c. of blood, and the urea nitrogen 
between 12 and 14 mg. 

2. The effect of a full meal with meat, in the case of the healthy 
adult, was a rise of total non-protein nitrogen averaging 4.7 mg., and 
of urea, averaging 2.5 mg. 

3. In both chronic interstitial and chronic diffuse nephritis the 
cases without symptoms of uremia showed normal or moderately elevated 
values; the uremic cases, with one possible exception, showed a great 
increase in both nitrogen and urea. 

4. The excretion of phenolsulphonephthalein was roughly propor- 
tioned to the degree of retention; the cases with 100 mg. or over of 
total nitrogen all showed 5 per cent, or less phenolsulphonephthalein 
excretion. Many cases, however, with a considerable impairment of 
phenolsulphonephthalein excretion showed no signs of retention, and a 
moderate amount of retention of waste nitrogen often occurred with 
no impairment of the elimination of phthalein. 

5. The proportion of urea nitrogen to the total non-protein nitrogen 
in disease varied from 32 per cent, to 85 per cent. Where the nitrogen 
was normal the urea usually was about one-half the total nitrogen; 
where it was elevated, the urea usually, but by no means always, con- 
stituted about 70 per cent, of the whole. No reason could be found 
for these variations. The determination of the total non-protein nitrogen 
alone is therefore more valuable than that of the urea alone. 

6. The estimation of the non-protein nitrogen is of the greatest 
value in the diagnosis of uremia. Amounts of 100 mg. or over were 
encountered in only two conditions besides uremia, namely, acute in- 
testinal obstruction and profound anemia from hemolysis. Only 1 
case of uremia without marked increase in nitrogen was encountered 
out of a total of 8 cases. 

7. The determination of the total non-protein nitrogen is a great 
aid in the prognosis of chronic nephritis. Patients showing over 100 
mg., with one exception, did not live more than 35 days. 



328 FUNCTIONAL DIAGNOSIS 

8. The results of blood analysis furnish the best guide as to the 
diet to be given in nephritis. Cases with a considerable retention re- 
quire a restriction of protein, and by this means a return to normal 
figures may be brought about, if the azotemia is not too pronounced. 
In cases of outspoken uremia, however, no marked reduction of the 
azotemia has resulted from a protein-poor diet. Nephritis with a normal 
amount of non-protein nitrogen does not call for any marked decrease 
of protein diet. 

9. In chronic passive congestion of the kidneys there is little or 
no retention of nitrogenous waste products. 

10. In pyelitis the presence of azotemia probably indicates involve- 
ment of the parenchyma of the kidney. 

11. A marked elevation of the non-protein nitrogen of urea renders 
the patient a poor operative risk, and the azotemia should be overcome 
by diet, if possible, before an operation is attempted, in all cases in 
which delay is permissible. In hypertrophy of the prostate, for example, 
a low-protein diet may be combined with drainage of the bladder as a 
preliminary to operation. 

12. Chronic lead-poisoning was accompanied by evidence of reten- 
tion in all cases examined. 

13. The eclampsia of pregnancy seldom shows a marked increase 
in non-protein nitrogen and urea. It is therefore distinct from uremia. 
Analysis of the blood will usually serve to distinguish between uremia 
and eclampsia. 

14. In acute intestinal obstruction a tremendous increase in the 
nitrogenous waste products was found in all of the three cases exam- 
ined. A return to normal took place in the two which recovered. 

15. Compensated valvular disease of the heart — aortic aneurysm, 
acute pericarditis with effusion, and acute endocarditis in the absence 
of disease of the kidneys — all showed normal values. 

16. In acute lobar pneumonia a considerable increase was seen in 
the majority of cases, reaching its maximum toward the crisis, but bear- 
ing no relation to the time at which resolution took place. Typhoid 
fever, acute rheumatism, and uncomplicated scarlatina showed normal 
figures. 

17. Syphilis showed a considerable degree of retention in 36 per 
cent, of the cases examined, evident in all stages of the disease. 

18. In cerebral hemorrhage, hysteria and neurasthenia, no increase 
was found. 

19. Severe anemia due to hemolysis showed a marked retention, 
reaching in one case 100 milligrams of nitrogen. 

20. In uncomplicated diabetes the values were normal; both cases 
examined in coma showed retention. 

21. The administration of thyroid extract in two cases of myxedema 
caused an increase in both nitrogen and urea. Both cases were compli- 
cated with chronic nephritis. 

22. In exophthalmic goiter the blood-nitrogen and urea were nor- 
mal in amount. 
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23. No changes were met with in malignant disease which could 
not be ascribed to a complication with renal disease. 

24. In a case o& acute yellow atrophy the proportion of urea-nitro- 
gen to the total non-protein nitrogen was decreased, although there was 
a considerable degree of azotemia. 

Folin, Denis and Seymour state: "It would seem from these results 
as though the direct determination of the non-protein nitrogen (and 
urea) in the blood furnishes a more reliable guide to what might be 
called the protein tolerance of patients than can be obtained from any 
'direct' test of kidney efficiency, for of all tests yet devised for this pur- 
pose the phenolsulphonephthalein test of Rowntree and Geraghty is 
admittedly the best. ' * 

The methods for the determination of non-protein nitrogen, urea, 
creatinin, etc., in the blood have been described {see p. 119). 

An elaborate investigation of the non-protein nitrogen of the blood 
recently published by Bang of Lund, Sweden, has brought a confirma- 
tion of some of the earlier chemical statistics of the blood as well as an 
addition to the known facts. Thus the average figure for the non- 
protein nitrogen is placed, as the result of numerous new analyses, at 
25 mg. per hundred grams of blood; out of this an average of 15 mg. 
is apportioned to urea. These values correspond fairly closely with 
those first established in this country for man by Folin and Denis. 

It has. been demonstrated that both amino-acids and urea, represent- 
ing food and waste, respectively, from the standpoint of nitrogenous 
metabolism, occur in the corpuscles as well as in the plasma of the 
blood, the formed elements being permeable to such compounds. An 
analogous behavior is known in the case of blood-sugar. According 
to the newest analysis of Bang, both the corpuscles and the plasma of 
human blood, as a rule, contain practically the same amount of total 
residual nitrogen, urea and amino-acids. In several instances Bang has 
observed an increase in the urea content of the blood without any 
comparable change in the other non-protein nitrogenous constituents dur- 



Tablb 30. — ^Analysis of Blood: Normal.* 





Total Nitrogen (mg.) 


Urea Nitrogen (mg.) 


Age 


After Fasting 
12 Hours 


2H Hours After 
Heaw Meal 


After Fasting 
12 Hours 


2}/i Hours After 
Heavy Meal 


24 
26 
27 
29 
29 


22.9 
25.0 
23.7 
23.8 
23.2 


25.9 
27.9 
29.5 
32.3 
26.4 


12.0 
13.6 
12.6 
14.1 
12.3 


13.6 
14.5 
15.1 
20.9 
13.1 



* Tn this and the followinc tables, the ficuxes for total nitrocen and for urea nitrofen repreeent mil- 
'igramii p«»r 100 c.c. of blood. 
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Table 31. — Analysis op Blood: Nephritib 



Sex 



M 

F 

F 

F 

F 



M 

F 

F 

F 

F 



F 
F 



M 
M 



Age 



41 
62 
52 
75 
66 



65 
64 
46 
61 
63 



53 
24 



48 



25 



Diagnosis 



Chronic interstitial. 
Chronic interstitial. 
Ch;onic interstitial. 
Chronic interstitial. 
Chronic interstitial. 



Chronic interstitial. 

Chronic interstitial. 

Chronic interstitial. 

Chronic interstitial. 

Chronic interstitial, 
with albuminuric 
retinitis 

Chronic interstitial. 

Chronic interstitial, 
with cholelithia- 
sis 

Chronic interstitial, 
with uremia 



Systolic 
Blood- 
pressure 
(mm. Hg) 



M 


55 


M 


22 


M 


25 


F 
M 


20 
25 


M 


44 



Chronic interstitial, 
with albuminuric 
retinitis 



Chronic interstitial, 
with uremia. . . 

Chronic interstitial, 
with uremia 



Chronic interstitial, 
with uremia 



Chronic diffuse. 
Chronic diffuse. 



Amyloidosis. 



180 
195 
210 
210 
220 



200 
205 
180 
250 



185 
240 



240 

212 

210 
180 
175 



132 
146 
210 



Urine 



Phenol- 

sulphone- 

phthalein 

Per Cent. in 

2 Hours 



66 

• • 

40 
38 
38 



42 
50 



80 

22 
26 



0.0 

0.5 
0.5 
0.0 



43 
5 
20.0 



Diet 



Mixed 

Mixed 

Mixed 

Mixed 

Moderate protein 
Poor protein, 1 

day 

Mixed 

Mixed 

Soft 

Mixed 



Mixed. 
Mixed. 



Soft. 



Low protein, 6 
days 



Mixed. 



Milk. 



Mixed. 



55 



1a)w protein 

5 days mixed. . . . 

3 days , 

Liquid , 

Soft 

Salt free 5 weeks 
Mixed 



Mixed. 



Blood 



Total 

N 
(mg.) 



23.0 
23.2 
27.4 
28.2 
29.0 

25.3 
29.7 
31.5 
31.7 
31.7 



32.0 
35.3 



57.5 



24.2 



79.5 

102.2 

70.5 

87.5 
151.2 

188.7 
286.2 

220.0 

232.5 

324.0 

313.0 

26.7 

22.6 

55.2 

67.0 

140.6 

173.7 

33.9 



Urea 

N 
(mg.) 



11.4 
11.1 
13.4 
14.6 
16.1 



16.1 
16.4 
15.4 
16.7 



17.7 



27.7 



12.5 



55.1 
79.5 
40.4 

53.1 
109.4 

141.0 
191.0 

143.0 
184.0 
237.0 
205.0 

10.7 
8.0 

31.5 

49.0 
113.1 
131.3 

15.3 



ing starvation. This was demonstrated, however, to be associated with 
a lack of water, and disappeared as soon as a suitable intake of water^ 
was assured. The ingestion of protein did not lead, in Bang's experi- 
ence, to any noteworthy concentration of amino-acids in the blood unless 
the intake was inordinately large. Evidently a renal loss of amino- 
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acids is thus averted so long as the blood content does not rise to an 
excretion level. The urea content may be decidedly increased, how- 
ever, thus showing the speedy conversion of amino-acid nitrogen into its 
characteristic end-product of nitrogenous waste. 

From the work of Tileston and Comfort, whom we have quoted 
above, the accompanying tables are extracted, showing their results in 
normal (Table 30) and pathological (Tables 31 and 32) subjects. 

Table 32. — ^Analysis op Blood: Other Diseases 



Sex 



Age 



Diagnosis 



M 


48 


M 


58 


M 


54 


M 


58 


M 


45 


M 


47 


M 


21 


F 


16 


F 
F 


27 
19 


M 
M 


47 
62 


M 


63 


M 


69 


M 


86 


M 


77 


M 


64 


M 


70 



Acute nephritis. 



Svstolic 
Blood- 
pressure 
(mm. Hg) 



Chronic passive con^ 
gestion 

Chronic passive con- 
gestion 

Chronic passive con- 
gestion 

Chronic passive con- 
gestion 

Chronic passive con- 
gestion 

Clm)nic passive con- 
gestion 

Chronic passive con- 
gestion 

Pyelitis 

IVelitis 



H3rpemephroma 

Stricture of urethra, 
with acute ascend- 
ing infection 

Stricture of urethra . . 

Tuberculosis of geni- 
to-urinary tract . . . 

Hjrpertrophied pros- 
tate with retention . 

H3rpertrophied pros- 
tate with retention . 

Carcinoma, prostate 
and bladder 



Carcinoma, bladder. 



85 

128 
170 
120 
90 
115 
110 



118 
112 



€25 

180 

• • • 

88 
85 

142 
110 



Urine 



Phenol- 

sulphone- 

phthalein 

PerCent.in 

2 Hours 



48 

70 
49 
50 
58 
53 
75 



80 
30 



10 



60 
10 
0.0 



Diet 



Soft. 



KareU. 
KareU. 



Soft 



Mixed. 
KareU. 



Soft. 



Soft... 
Soft... 
Liquid 
Soft... 
Mixed. 
Liquid, 



Blood 



Total 

N 
(mg.) 



Soft 

Soft, with meat 
once daily 

Liquid 



Mixed 

Low protein . . . . 



Mixed. 



Soft. 



69 7 
29.5 

24.6 

25.0 

30.6 

31.7 

34.4 

42.2 

67.7 
26.5 
70.7 
40.2 
33.5 
91.2 



209.0 

31.4 

50.0 

48.7 
30.5 

41.0 

58.2 

99.5 



Urea 

N 
(mg.) 



57.7 
15.7 

13.7 

13.8 

16.9 

15.1 

17.5 

25.4 

43.9 
14.9 
51.0 
29.2 
18.2 
61.2 



172.0 

19.1 

37.6 

37.6 
17.2 

24.3 

45.5 

69.7 



Prom the work of Folin, Denis and Seymour we copy the following 
blood findings in nephritis (Table 33) : 
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It would seem from these results as though the direct determination 
of the non-protein nitrogen (and urea) in the blood furnishes a more 
reliable guide to what might be called the protein tolerance of patients 
than can be obtained from any **^direct" test of kidney efficiency, for 
of all tests yet devised for this purpose the phenolsulphonephthalein 
test of Rowntree and Geraghty is admittedly the best. 

Garnier and Gerber studied the character of kidney function during 
infective jaundice. In very severe cases, oliguria and even absolute 
anuria indicated the inaction of the kidneys: the urea content of the 
blood increased up to the moment of death and attained exceptionally 
high values — as high as 9.2 grams per liter. The absolute value of 
the urea content of the blood is, however, not determinative of the prog- 
nosis, inasmuch as patients have recovered after showing contents of 
5.50 and 5.93 grams of urea per liter of serum, and others succumbed 
after showing maximum contents of only 2.87 and 3.23 grams urea per 
liter. The Ambard coefficient attained very high values in severe cases 
— up to 1.22 and 1.28. Urea ceased to be retained in the blood stream, 
and the Ambard coefficient returned to normal in 7-15 days following 
the beginning of the jaundice. 

Chase and Myers drew the following conclusions from their study 
of their blood chemistry in nephritis: 

** An increase in the uric acid of the blood would appear to be of con- 
siderable value as an early diagnostic sign of incipient nephritis. 

**The urea of the blood has been found very valuable as a guide to 
the treatment of moderately severe cases of nephritis, since any change 
in the patient *s condition is quickly perceptible. 

**As a prognostic test the blood creatinin has been found of very 
great service, over 5 mg. to 100 c.c. having invariably proved fatal after 
the lapse of a comparatively short period of time. During the terminal 
stages of the disease the concentration of the creatinin gradually rises, 
reaching 15 to 30 mg. in most cases at death. 

**The determination of the carbon dioxid combining power of the 
blood plasma according to the method of Van Slyke is a valuable index 
to the acidosis of nephritis, from the viewpoint of both diagnosis and 
treatment. ' ' 

We cite a table (Table 34) from Chase and Myers to show their 
analytical data. 

Gettler and George examined the blood of 600 nephritics. Their 
results are given in the following table: 

Table 35.— Range of Values in Nephritis, taken from 600 Detbrminationb 

Non-protein nitrogen From 40 to 460 mg. in 100 c.c. of blood. 

Urea nitrogen From 20 to 375 mg. in 100 c.c. of blood. 

Creatinin From 2 to 42 mg. in 100 c.c. of blood. 

Uric acid From 3 to 17 mg. in 100 c.c. of blood. 

Sugar From 75 to 160 mg. in 100 c.c. of blood. 

Alkali reserve From 40 to 75 per cent. 
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From their work, they arrive at the following conclusions: 

1. All the waste nitrogen products, nonprotein .nitrogen, urea, 
creatinin and uric acid, are present in increased amounts in cases of 
true nephritis, and generally, but not invariably, present in greater con- 
centration in the blood of those cases which are primarily considered as 
chronic interstitial nephritis (retention nephritis). This finding is in 
agreement with the results of practically all workers. 

2. The degree of retention (when taking into account the func- 
tional efficiency of the cardiac muscle) is a direct criterion of the severity 
of the lesion. 

3. They agree with Hopkins and Jonas that the sugar content in 
the blood is similarly increased in nephritis, and, at least in our cases, 
more marked in the patients suffering with the chronic parenchymatous 
form of the disease. 

4. The alkali reserve is a valuable index of the degree of acidosis 
present. In their table, it runs considerably lower in the interstitial 
type of the disease. They would suggest that particular attention be 
paid to cases with low alkali reserve, as it becomes an important factor 
in the early recognition of uremia. 

5. While they are not presenting figures, in attempting to corre- 
late the clinical findings with the* postmortem picture, they agree with 
Frothingham that there is no definite lesion of nephritis referable to 
a certain clinical picture. In other words, all the clinical and laboratory 
evidence in a nephritic patient may point to a certain form of the 
disease, but the postmortem examination is often not in agreement with 
the diagnosis made during life. 

Frissel and Vogel made an effort to record graphically the course 
of renal function from the time of first observation to the time of death 
(see Fig. 50). 

The figures on uric acid and creatinin, except during the last two 
weeks of life, are too few to be of much statistical value. At this period 
they are uniformly high. The average shown by the curves of phenol- 
sulphonephthalein, non-protein and urea nitrogen, and the urea index, 
seems to indicate a method which, if checked by a large number of ob- 
servations, might prove valuable in arriving at an average expectation of 
life for a given determination. 

The curves for the non-protein nitrogen and urea nitrogen show a 
rapid rise during the three months preceding death, while during the 
earlier months there is a tendency for the curves to maintain a constant 
level. The elevation at the fifth month which disturbs the symmetry 
of the curves is caused by a single case in which the values were so high 
that the averages were disproportionately raised. 

Mosenthal and Lewis found the relationship between tests of renal 
function and prognosis in nephritis to be very uncertain. The ex- 
trarenal factors, cerebral hemorrhage, myocardial insufficiency, inter- 
current infections, etc., have caused a fatal termination so often that 
greater emphasis must be placed on the physician's clinical judgment 
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than on the interpretation of tests for renal function alone. In certain 
patients, degrees of impaired kidney activity are found which are ordi- 
narily considered incompatible with life. These cases as well as others 
which exhibit uremia with apparently fair functional kidney processes, 
go far to show that uremia and renal lesions are not entirely dependent 
one on the other. 

The most striking example of this kind in the series of Mosenthal and 
Lewis is a case with the diagnosis, polycystic kidneys. In December, 




MONTHS 



WEEKS 



Fio. 50. — Chabt on Renal Function Based on 685 Determinations. (Friswl 

and Vogel.) 



1914, the total non-protein nitrogen of the blood was 118 mg., the ex- 
cretion of phenolsulphonephthalein yielded only a faint trace in two 
hours (Ambard's coefficient, if determined, would undoubtedly have 
been very high), and the test-meal showed a maximal impairment of 
function (maximal specific gravity, 1.011 ; variation from the highest 
to the lowest specific gravity, 1 degree; a night urine of 1,290 c.c). 
Fifteen months later (March, 1916), the phenolsulphonephthalein and 
test-meal were unchanged, the blood nitrogen was 112 mg., and Am- 
bard's constant 0.67. One and one-half years after tests which indi- 
cated an extreme impairment of renal function, he is working at his 
office every day. 

** A high non-protein nitrogen (above 90 mg.) or a high urea nitrogen 
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(of 65 mg. or higher) has been found to be the most reliable prognostic 
sign. Of eighteen such patients, fourteen died in the hospital or shortly 
after leaving it; of the other four patients, one is still in the hospital 
in a precarious condition, one is the case of polycystic kidney referred 
to above, one is a case of mercuric chlorid poisoning with recovery, 
and the last is a case of secondary contracted kidney who has followed 
therapeutic directions so closely that he may almost be said to have out- 
lived his day. It is clear to the physician coming in contact with these 
cases of nitrogenous retention that a sharp line can be drawn between 
those suffering with increased protein catabolism and those who are not. 
An example of this kind has been given in detail. This factor when 
present almost invariably foreshadows an unfavorable prognosis; a re- 
tention, on the other hand, not coupled with an abnormal degree of 
protein destruction, may do very well (as the case of polycystic kidney 
mentioned previously). In the earlier stages of nephritis, the nitrogen 
of the blood is very likely to lag behind the other tests and it has been 
shown how Ambard's coefBcient is more reliable under these circum- 
stances as a test of renal function. 

**In nephritis, whether of the chronic diffuse or of primary con- 
tracted type, an Ambard's coefficient of 0.20 or higher has usually been 
associated with a fatal issue within a few months at the most. Of 87 
patients with an index less than 0.2, 63 were traced and 15 died, 7 of 
uremia and 3 of cerebral hemorrhage. Of 36 patients with an index 
above 0.2, 30 were traced and 24 died, 12 of uremia, 9 of myocardial 
insufficiency, and 3 of cerebral hemorrhage. It is only to be expected 
that the patients with a higher Ambard's coefficient should show a more 
unfavorable prognosis. However, here, as in the case of other functional 
tests, an infallible guide to prognosis is not demonstrated. The test- 
meal usually reaches a point of maximal intensity some time before 
the other tests. Uremia, or death from some other cause, may occur at 
these periods, and thus lend an aspect of greater prognostic importance 
to the test-meal than it actually possesses. It may be used as a valuable 
guide to prognosis in conjunction with the other procedures, but an 
opinion of maximal impairment of function should not be given without 
them. 

**The phenolsulphonephthalein test in this series has yielded results 
which have not varied from those reported previously. An output of 
less than 10 per cent, has usually, but not invariably, warranted an 
utterly bad prognosis; occasional instances of death from uremia have 
taken place with an excretion of the drug in the neighborhood of 50 per 
cent. ' ' ( Mosenthal and Lewis) . 

Mosenthal and his co-workers recommend charting the results of 
the various tests and comparing them with the nitrogen intake as shown 
in the accompanying chart (Fig. 51). 

From their experiments, Mosenthal and Lewis draw the following 
conclusions : 

''1. Such a graduation (as in the accompanying chart) calls to the 
attention of the clinician the relative degree of involvement as shown 
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kidney. 

"2. Th» level of the non-protein and urea nitrogen of the blood 
iniiNt bn PHlimiited lurRrly bh the resultant of three factors — kidney 
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the ability of the kidney to excrete urea than the level of this sub- 
stance in the blood. 

**4. The progress of renal disease is probably followed most minutely 
by means of the phenolsulphonephthalein excretion and Ambard's co- 
efficient, as these tests furnish figures in which even small variations are 
of significance. 

**5. The test-meal for renal function, of the tests employed, gives 
the earliest indication of diminished kidney efficiency. It likewise reaches 
the maximum degree of impairment before the others. 

**6. Each test for renal function covers only a limited range of 
the kidney's activities. It is, therefore, a mistake to speak of any test 
as measuring renal function as a whole. The aim should be to develop 
a proper interpretation of the old tests and easily applied new ones, 
in order to obtain a true guide to the treatment of diseases of the kidney.'' 

Pitz investigated the renal functional capacity in diabetic patients. 
In the majority of cases the urea index tended to be normal or ab- 
normally high, due, in part, to the rapid rate of water elimination which 
characterized many of the cases. In six cases of fatal diabetic coma, 
the urea index was abnormally low. In diabetes the blood-plasma chlorid 
is usually lower than would be calculated from the chlorid excretion 
according to the formula of Ambard and Weill. 

Atchley after a very painstaking study of eight cases of acute 
nephritis comes to the conclusion, that **one must express the feeling 
that the investigation of this disease has been hindered by an interest 
too closely restricted to the kidnejrs. A broader study of the chemical 
balances of the body as a whole may demonstrate that the kidney is of 
secondary importance." 

Creatinin in the Blood. — ^Lampert has made a study of the excre- 
tion of creatin and creatinin in diabetics and nephritics. He em- 
ployed the Autenrieth and Miiller method, and all patients were on a 
meat-free and bullion-free diet during the periods of observation. In 
healthy adults, he found the daily average excretion of creatinin to be 
between 0.9 and 2.4 grams, the majority being between 1.2 and 1.5 
grams. Creatin was usually absent; when present, it was found only 
in traces (0.02 mg.). In diabetics, the values for creatinin were usu- 
ally lowered or at the lower limit of the normal. With few exceptions 
creatinin was found to an amount less than 1 gram, though in 
several cases 1 to 1.2 grams were found. In diabetes gravis with a high 
grade of acetonuria, creatin was practically always found in the urine, 
usually more than 0.2 gram (on two occasions 1 and 1.2 grams). In 
diabetes levis with traces of acetone, creatin was lacking in 2 cases or 
present only in small amount (less than 0.3 gram). In nephritis (5 
cases), the author found a decrease in creatinin constantly, even when 
there was a diuresis and only slight impairment of function. Creatin 
was found in only 1 case, in which there was marked renal insufficiency, 
and then only in small quantity (maximum 0.15 gram). Two cases 
of diabetes complicated by chronic interstitial nephritis were character- 
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ized by an especially low creatinin value. Low creatinin values were 
also observed in a case of cancer of the liver with cholemia ; creatin was 
also present in small amount (0.1 gram or less). Lampert thinks it is 
plausible to attribute the large quantities of creatin found in the urine 
of diabetics with acidosis to a disturbance of metabolism and the dimin- 
ished output of creatinin in nephritics to renal insufficiency. The gen- 
erally accepted view that acidosis is the result of deficient oxidation of 
the acetone bodies suggests the idea that the increase in creatin is 
also due to a disturbance of intermediary metabolism. The findings in 
the nephritics suggest the use of this method in functional renal diag- 
nosis. 

Myers and Lough found that estimation of the creatinin of the blood 
in nephritis was valuable as a diagnostic and prognostic test. The in- 
crease of creatinin in the blood is considered a safer index of the de- 
creased permeability of the kidneys than that of urea or uric acid 
because creatinin on a meat-free diet is entirely endogenous in origin and 
its formation is very constant, whereas the formation of urea and uric 
acid is subject, even normally, to great fluctuations. In the authors' 
63 cases the creatinin was estimated by a modified Folin method, oxalated 
and laked blood being saturated with picric acid, filtered, treated with 
sodium hydroxid, and then compared colorimetrically with a standard 
creatinin solution of known strength, to which the alkali has also been 
added. A rise in the creatinin above 2.5 mgs. to 100 c.c. of blood was 
found to signify renal involvement almost invariably. Creatinin values 
of from 2.5 to 3 mgs. are to be viewed with suspicion ; from 3 to 5 mgs. 
as decidedly unfavorable, and over 5 mgs. as probably indicating an 
early fatal termination. 

Orlovius found that creatinin excretion is retarded in pregnancy 
when the kidneys are affected. The more retarded the excretion the 
more extended is the pathological process in the kidneys. Pronounced 
retardation of the creatinin excretion may be of import in determining 
the indication for an interruption of pregnancy. 

For the determination of creatinin in the blood the following methods 
are used: 

(a) Methods of Folin — Preformed Creatinin (Hawk). — Measure 10 
c.c. of blood into a 50 c.c. volumetric flask or, better, into a 50 c.c. shaking 
cylinder which can be closed with a glass stopper. Fill to the 50 c.c. 
mark with saturated picric-acid solution and shake a few times. Add 
about 1 gram of dry picric acid to the mixture and shake for 5 min- 
utes. Transfer the mixture to centrifuge tubes, throw down the sedi- 
ment, and precipitate and pour the supernatant liquid through a filter. 
This is the most economical process where but little blood is available. 
If desired, however, double quantities of blood and reagents may be 
taken and filtration carried out without preliminary centrifugation. This 
process removes the protein materials and leaves the creatin and creatinin 
in the filtrate which is a saturated picric-acid solution. Then determine 
the preformed creatinin colorimetrically. For this purpose a standard 
solution of creatinin is necessary for comparison. Prepare this from 
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the standard creatinin stock solution as used in the analysis of 
urine by diluting an amount of this solution equivalent to 1 mg. of 
creatinin to 500 c.c. with saturated picric-acid solution. We have then 
a standard solution containing 0.2 mg. of creatin in 100 c.c. of saturated 
picric-acid solution. 

Take 20 c.c. portions each of the filtrate and of the standard solution. 
To each solution then add exactly 1 c.c. of 10 per cent. NaOH from a 
buret. (If the blood filtrate becomes turbid on addition of alkali it 
must be centrifuged or filtered.) Allow to stand for 10 minutes and 
compare the colors directly in the colorimeter without further dilution. 
The standard creatinin solution may be set advantageously at 20 mm., 
although this is not necessary. 

Calculation, — Since the blood was diluted 5 times in the precipita- 
tion procedure and as the standard for comparison contains 0.2 mg. of 
creatinin per 100 c.c, it is merely necessary to divide the reading of 
the standard by the reading of the unknown to obtain, without further 
calculation, the number of milligrams of creatinin in the 100 c.c. of 
blood. 

(6) Creatin Plus Creatinin, — To determine the total creatin plus 
creatinin in the blood, carry out the preliminary precipitation with picric 
acid just as in the determination of creatinin above. Take 10 c.c. of 
this filtrate for the determination. Transfer it to a small Erlenmeyer 
flask or large test-tube. Cover the flask or test-tube with tin foil, trans- 
fer to an autoclave, and heat to about 120° C. for about 20 minutes. 
The autoclave should not be opened until the temperature has fallen 
below 100° C. Cool the solution to room temperature, rinse into a 
25 c.c. volumetric flask with saturated picric-acid solution. Add 1.25 
c.c. of 10 per cent. NaOH for the development of the color. 

On account of the variations in the creatin content of normal blood 
two standard creatinin solutions are used. In working on pathological 
cases a third standard is desirable. These standards contain 0.5, 1, 
and 2 mg. of creatinin respectively per 100 c.c. of saturated picric- 
acid solution. To 20 c.c. of each of these solutions in measuring cylin- 
ders add 1 c.c. of 10 per cent. NaOH and allow to stand for 10 min- 
utes. By inspection determine which standard corresponds most nearly 
in color with the unknown and use this for comparison. The standard 
is usually set at 10 mm. in the Duboscq colorimeter. 

CalctUution, — Multiply the reading of the standard by 125 and by 
0.5, 1, or 2, according to which standard is used, and divide by the 
reading of the unknown in millimeters. The result gives the number 
of milligrams of creatin — creatinin in 100 c.c. of the blood examined. 

Uric Aero in the Blood. — Estimatian of Uric Aoid, — Using the 
Kuttner colorimeter, the method (reliable for clinical purposes) is 
as follows: Two standard color tubes are used. No. 1 equals 0.01 mg. 
uric acid, and No. ^ equals 0.005 mg. uric acid. The reagents needed 
are acetic acid 1 per cent., colloidal iron 5 per cent., a saturated solution 
of sodium acetate, a saturated solution of sodium carbonate, and the 
Folin-Macallum uric acid reagent. 
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The test can be performed with 1 c.c., 0.5 e.e. or less of fresh non- 
hemolized serum. It is measured with a pipet, transferred into a 
short wide mouth test-tube suitable for boiling, the pipet rinsed sev- 
eral times with water and the rinsings also added. It is then further 
diluted with water and reagents so that every c.c. of the dilution con- 
tains 0.1 c.c. of serum. One c.c. of serum is diluted at first with about 
five volumes of water ; one drop of a 1 per cent, acetic acid solution and 
two drops of a saturated sodium acetate solution are added for every 
0.1 c.c. of serum used. This is boiled and the tube with contents is 
rapidly cooled by holding it in running tap water. The cooled mixture 
is poured into a graduated test-tube, a few drops of a 5 per cent, col- 
loidal iron solution added, shaken and made up to 10 c.c. with water. 
This is centrifuged or filtered. Of the clear filtrate or supernatant fluid, 
which should be colorless, enough is taken with a pipet and trans- 
ferred into the calibrated tube to reach the 50 mark. One drop of the 
uric acid reagent is added, then five drops of the saturated sodium 
carbonate solution, mixing well after each addition. The color should 
be allowed to develop for one minute and the estimation then made. For 
comparison two standard color tubes are used. No. 1 represents 10 mg. 
of uric acid per 100 c.c. of serum, that is, every ten divisions on the 
scale equal 1 mg. The second color standard called No. % represents 
5 mg. of uric acid or 1 mg. for every twenty divisions of the scale for 
100 c.c. of serum. 

When the solution in the calibrated tube is darker than standard 
color tube No. 1, this tube must be used for the comparison. After 
diluting drop by drop with water until the colors match, the height 
which the meniscus has reached on the scale is noted. This figure di- 
vided by 10 represents the number of milligrams of uric acid in 100 c.c. 
of serum. Using this tube with the meniscus reaching 75 on the scale, 
the computation is as follows : 

^1 = 7.5 mg. uric acid per 100 c.c. 

Should the color be lighter than standard color tube No. 1, then tube 
No. 1/2 must be used, but the reading must be divided by 20, thus : 

U = 3.75 mg. uric acid per 100 c.c. 

When the color is too light to be compared to the standard color 
tube No. Y^f indicating a very low amount of uric acid, 2 c.c. or 
more of the clear filtrate may be concentrated by boiling, but must be 
rapidly cooled, before the reagents are added, and compared with the 
standard, as already described, allowance being made for any additional 
quantity used by dividing by the proper factor. 

One to 3 mg. of uric acid in 100 c.c. are normally present in human 
serum. 

6. Acidosis in Renal Disease. — The acidosis of chronic nephritis 
is the result of ineffiteient renal excretion. In uremia, acidosis is probably 
a very constant feature, but only in a small number of cases is it of suf- 
ficient grade to cause clinical symptoms similar to those seen in ad- 
vanced cases of diabetes. In cases of chronic nephritis of a mild type, 
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where the phenolsulphonephthalein test shows normal renal function, 
there is, as a rule, little or no acidosis. Advanced cases of chronic 
nephritis in which the phenolsulphonephthalein output is moderately 
or extremely decreased may show an acidosis by the ** alkali tolerance '* 
test, but the alveolar carbon-dioxid tension may be diminished. Only 
in very advanced cases is the acidosis so marked as to cause a decrease 
in the alveolar carbon-dioxid tension. 

Marriott and Howland determined the inorganic phosphate in the 
serum of patients with acidosis occurring in nephritis. In every in- 
stance there was an increase in the phosphorus to many times the 
normal amount, that is, to from 8 to 23 mg. per 100 c.c. of blood. Simul- 
taneous determinations of the combined carbon dioxid of the serum 
showed that in certain instances the phosphoric acid was combined with 
twice as much of the available base as was carbonic acid, in striking 
contrast to the normal conditions in which the base combined with phos- 
phoric acid equals only from one-tenth to one-fifteenth of that combined 
with carbonic acid. The retention of acid phosphate (for approxi- 
mately 90 per cent, of the phosphate in an average urine is acid 
phosphate) would seem to be sufficient to account for the degree of 
acidosis observed. 

Porges and Leimdorfer have investigated the carbon tension of the 
blood in kidney disease, and have found that it varies with the degree 
of renal function. 

To determine the degree of acidosis of a patient, the following 
methods may be used: 

(1) Determination of hydrogen-ion concentration of the blood. 

(2) Determination of the CO, tension of the blood. 

(3) Determination of the CO, tension of the alveolar air. 

(1) Hydrogen-Ion Concentration op the Blood (Levy, Rowntree 
and Marriott). — Heretofore the indicator method has not proved of 
great value in the studies of hydrogen-ion concentration of the blood, 
although the reaction of inorganic solutions may be determined quite 
accurately by this means. Different indicators show their color changes 
at varying degrees of hydrogen-ion concentration; for example, the 
color.' of methyl orange changes from pink to yellow as the pH of its 
solution changes from 3 to 5. At intermediate points, various colors 
may b^ obtained and a certain color indicates a definite pH. Simi- 
larly, phenolphthalein changes from colorless to pink between pH8 and 
pHlO and can be used for the measurement of H-ion concentrations 
between these two points. In carrying out the indicator method, it 
is necessary to have a series of standard solutions of known pH and 
an indicator exhibiting easily distinguishable color changes at hydrogen- 
ion concentrations approximating that of the solution under considera- 
tion. It is then simply necessary to add equal amounts of indicator 
to the standard solutions and to the solution being tested and to de- 
termine which of the colors in the standard solutions most closely 
matches that of the unknown solution. 
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"Hiis method has been successfully used on the urine by Henderson 
and by Walpole, As proteins interfere with the colore of many indi- 
cators, and as both blood and serum possess ecAor, it has been impossible 
to apply the method directly to the blood. It seemed probable that the 
indicator method might be utilized for blood, provided coloring mat- 
ters and proteins could be excluded by means of dialysis. If blood is 
dropped into collodion sacs and dialyzed for five minutes, the dialysate 
is free from proteins and coloring matter, but contains salts, and is 
well adapted to the use of indicators. 

Since phenolsulphonephthalein exhibits definite variations in quality 
of color, with very minute differences in hydrogen-ion concentration 
between pH6.4 and 8.4, it was adopted as the indicator in this method. 

Preparation of Standard Colors. — ^Standard phosphate mixtures are 
prepared according to Sorensen's directions as follows: 

1/15 mol. acid or primary potassium phosphate. 9.078 grams of 
the pure recrystallized salt (KH^PO,) is dissolved in freshly distilled 
water and made up to 1 liter. 

1/15 mol. alkaline or secondary sodium phosphate. The pure re- 
crystallized salt (NajIIPO,.12HjO) is exposed to the air from 10 days 
to 2 weeks, and protected from dust. Ten molecules of water of crys- 
tallization are given off and a salt of the formula Na,HP0,.2H,0 is ob- 
tained; 11.876 grams of this are dissolved in freshly distilled water and 
made up to 1 liter. The solution should give a deep rose-red color 
with phenol phthalein. If only a faint pink color is obtained, the salt 
is not sufficiently pure. 

The solutions are mixed in the proportions indicated below to obtain 
the desired pH: 

Preparation otBcldtionb 
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Three c.c. of each of the solutions are placed in suitable smpll test- 
tubes (100x10 mm., inside measurement). Five drops of an aqueous 
0.01 per cent, solution of phenolsulphonephthalein are added to each 
tube. The tops are sealed off. The series of colors, representing differ- 
ent concentrations of hydrogen-ions, constitute the standards for com- 
parison of color in carrying out the determination. 

Preparation of Sacs. — One ounce of collodion (Anthony's negative 
cotton) should be dissolved in 500 c.c. of a mixture of equal quanti- 
ties of ether and ethyl alcohol, with occasional gentle shaking; a small 
amount of brown sediment appears at first. The solution should stand 
for at least 3 or 4 days, after which the clear supernatant liquid is 
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ready for use. A small test-tube (120x9 mm. inside measurement) 
is filled with this mixture, inverted, and half the contents poured out. 
The tube is then righted, and the collodion allowed to fill the lower 
half again. A second time it is inverted and rotated on its vertical 
axis, the collodion being drained off. Care must be taken to rotate 
the tube, in order to secure a uniform thickness throughout. The tube 
is clamped in the inverted position and allowed to stand for 10 minutes, 
until the odor of ether finally disappears. It is then filled 5 or 6 times 
with cold water, or soaked 5 minutes in cold water. A knife blade 
is run around the upper rim to loosen the sac and a few c.c. of water 
run down between the sac and the tube. By gentle pulling, the tube 
is extracted, after which it is preserved by complete immersion in 
water. 

The Salt Solution Used in the Method. — The blood or serum is dia- 
lyzed against an 0.8 per cent, sodium-chlorid solution. 

Before applying the test, it is necessary to ascertain that the solu- 
tion is free from acids other than carbonic. To determine this, a few 
c.c. of the salt solution are placed in a Jena test-tube and 1 or 2 drops 
of the indicator added, whereupon a yellow color appears. On boiling, 
carbon dioxid is expelled, and the solution loses its lemon color and 
takes on a slightly brownish tint. In the absence of this change, other 
acids are present^ and the salt solution is therefore not suitable. If, 
on the other hand, on adding the indicator, pink at once appears, the 
solution is alkaline and hence cannot be used. 

Technic of Method, — The work must be done in a room free from 
fumes of acids or ammonia. 

A needle is inserted into a vein and blood drawn with as little 
loss of CO2 as possible. This is accomplished by drawing it under 
paraffin oil or by a specially devised tube. The tourniquet should be 
applied just before inserting the needle. 

Approximately 3 c.c. of blood is run, by means of a blunt-pointed 
pipet, into a dialyzing sac, which has been washed inside and outside, 
with normal (0.8 per cent.) salt solution, and which has been tested 
for leaks by filling with the salt solution. The sac is lowered into a 
glass tube of 100 by 10 mm. inside measurements, containing 3 c.c. of 
the salt solution, and kept there until the fluid on the outside of the 
sac is as high as it is on the inside. From 5 to 10 minutes are al- 
lowed for dialysis. The collodion sac is then removed and .2 c.c. of the 
.01 per cent, phenolsulphonephthalein indicator solution thoroughly 
mixed with the dialysate. The tube is then compared with the series of 
standards until the corresponding color is found, which indicates the 
hydrogen-ion concentration present in the dialysate. 

Comparison of Tubes with Standards, — For this, a good light (nat- 
ural or artificial) and the white glass background of the examination 
box are requisites. Readings must be made immediately after the dialy- 
zation. The two tubes most nearly approximating the color of the speci- 
men are selected and one placed on each side of the specimen. These 
are critically inspected against the white background. If the relative 
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position of the tubes is changed, the differences in the colors are made 
more apparent at times. 

(2) Van Slyke Method poi^ the Determination op the Cabbon- 
Dioxm Combining Power op Blood-plasma. — Having centrifuged the 
fresh oxalated blood, pipet off the clear plasma and place in a separa- 
tory funnel of about 300 c.c. capacity. Slight hemolysis does not 
affect results appreciably, but hemolysis should be avoided as much as 
possible by immediate centrifugalization. In order to determine its 
alkaline reserve, saturate the plasma with carbon dioxid at alveolar 
tension. In other words, the operator blows vigorously through a bottle 
containing glass beads into the separatory funnel. If one blows directly 
into the separatory funnel, enough moisture condenses on the walls of 
the funnel to appreciably dilute the plasma. Close the funnel at the stop- 
cock just before the stream of breath stops, and shake for one minute 
in such a manner that the plasma is distributed as completely as pos- 
sible about the walls. After the shaking has lasted a minute, blow a 
fresh portion of the alveolar air through the beads into the funnel and 
shake for one minute. 

The CO2 apparatus (Fig. 52) is held in a strong clamp, W, which 
is lined with rubber, and the lower stop-cock is supported by an iron 
rod, which is also covered with soft rubber tubing. The apparatus is 
completely filled with mercury. Care should be taken that capillaries 
A and P, which are above the upper stop-cock, are also filled with 
mercury. There should be no air bubbles within the apparatus. Six 
dropping bottles, which contain the following solutions, should be at hand : 

1. Distilled water. 

2. ^ Phenolphthalein (1 per cent, in 95 per cent, alcohol). 

3. Normal ammonium hydroxid. 

4. Caprylic alcohol. 

5. Normal sulphuric acid. 

6. Mercury. 

The mercury leveling bulb, H, should be hung by wire, I, on ex- 
tension, N, about on the level with the lower cock, J. The apparatus 
must be thoroughly clean before the determination is started. The 
apparatus can be tested by allowing the mercury to run down and then 
forcing it up by raising and lowering bulb, H. The air is forced 
out and the mercury is caught in a bottle. (This* is done until there 
is not a single air bubble in the apparatus.) Add 1 drop of phenol- 
phthalein to the upper cup, B, and a drop or two of the ammonium 
hydroxid. Now dilute this with about V^ c.c. of distilled water and 
draw off all except about 2 drops of the alkaline solution. 

Now introduce 1 c.c. of the saturated plasma into the cup and allow 
it to fiow under the alkaline solution, so that none of the carbon dioxid 
ascapes. Turn stop-cock, C, so that E and Z are connected, and allow 
the plasma to run in until capillary, F, is exactly filled. Add 0.5 c.c. of 
distilled water to cup, B, and then allow to run down to capillary, P. 
Bepeat this, taking care that no air enters the apparatus with the liquid. 
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Pig. 52. — Van Slykb Cabbon Dioxid Apparatus. (Blaivas Modification.) 
'(From ''Newer Methods of Blood and Urine Chemistry/' Gradwohl and Blaivac, 
C. V. Mosby Co.) / 

Now admit into capillary, F, 1 drop of caprylic alcohol to prevent foam* 
ing, and pour about 1.5 c.c. N/10 sulphuric acid into the cup. Admit 
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enough of the acid into the apparatus, carrying the caprylic alcohol 
along with it, so that the total volume in the apparatus is exactly 2.5 c.c. 
Draw oflE the excess sulphuric acid. Now place a few drops of mer- 
cury in cup, B, and allow to flow down to capillary, F, in order 
to seal the latter and make it capable of holding an absolute vacuum. 
During this whole operation, the lower stop-cock, J, should remain open, 
and when the apparatus is set up, it should be in such adjustment that, 
if the wire, I, which is connected to bulb, H, is lowered to hook, 0, the 
mercury will run to the mark, X, on the figure, care being taken that 
the mercury will not run into fork, Y. Place wire, I, on hook, 0, and 
allow the mercury to fall until the meniscus of the mercury has dropped 
to the 50 c.c. mark on the apparatus. This is controlled by stop-cock, J. 
The bubbles of COj are now seen escaping. 

In order to completely extract the carbon dioxid, remove the ap- 
paratus from the clamp and shake by turning it upside down about a 
dozen times. (The thumb should be placed over cup, B, so as not to 
lose any of the mercury.) Then replace the apparatus, the mercury 
leveling bulb, H, still being at the lower level, 0, and allow the solution 
to flow into the small bulb below the lower stop-cock (right side). 
Drain the solution out of the portion of the apparatus above the stop- 
cock, J, as completely as possible, but without removing any of the gas 
(the last drop being allowed to remain above). Now raise the mer- 
cury bulb, H, in the left hand, and with the right hand immediately turn 
the lower stop-cock, J, so that the mercury is admitted to the upper 
part of the apparatus through the left-hand entrance of the stop-cock 
without readmitting the watery solution. Hold the leveling bulb, H, 
beside the apparatus so that its mercury level corresponds to that in 
the apparatus, and the gas in the latter is under atmospheric pres- 
sure. A few hundredths of a c.c. of water will float on the mercury in 
the apparatus, but this may be disregarded in leveling. The calcula- 
tion of the result into terms of volume percentage of carbon dioxid, 
bound as carbonate by the plasma, is quite complicated and we con- 
sequently use the direct reading from the apparatus, minus .12. 

Plasma of normal adults yields 0.65 c.c. to 0.90 c.c. of gas, which is 
the direct reading on the apparatus. If .12 were subtracted, the normal 
figures would be 53 to 78 in terms of volume per cent, of carbon dioxid 
chemically bound by the plasma. Figures lower than 50 per cent, in 
adults indicate acidosis. The exact calculation of the result into terms 
of carbon dioxid bound as carbonate by the plasma is quite compli- 
cated, and consequently the worker is advised to subtract 0.12 from his 
reading on the apparatus. The result thus obtained gives approximately 
(within 2 to 3 per cent.) the volume per cent, of carbon dioxid bound 
by the plasma. 

Example, — Reading on the Van Slyke apparatus is 0.74 minus 0.12, 
which equals 0.62 per cent, of carbon dioxid bound by 1 c.c. of plasma. 
For 100 c.c. of plasma multiply 0.62 per cent, by 100, which equals 
62 per cent, (normal). 

(3) Determination op Alvbolab Cabbon-dioxid Tension (Marriott). 
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— Collection of Alveolar Air. — The method of collection is essentially 
that of Plesch, as modified by Hig^ns. A rubber bag of approximately 
1,500 c.c. capacity is connected by means of a short rubber tube to a 
glass mouthpiece. About 600 c.c. of air are blown into the bag with 
an atomizer bulb, and the rubber tube clamped off. by a pinchcock. The 
subject should be at rest and breathing naturally. At the end of a 
normal expiration, the subject takes the tube in his mouth ; the pinch- 
cock is released and the subject's nose closed by the observer. The 
subject breathes back and forth from the bag four times in twenty sec- 
onds, emptying the bag at each inspiration. The observer should indi- 
cate when to breathe in and out. Breathing more frequently will not 
greatly alter the results. At the end of twenty seconds, the tube is 
clamped off and the air analyzed. The analysis should be carried out 
within 3 minutes' time, as carbon dioxid rapidly escapes through rubber. 

The foregoing procedure applies to patients who are capable of co- 
operating to some extent. In the case of comatose patients, the initial 
amount of air in the rubber bag must be greater (1,000 c.c. at least), 
and the period of rebreathing prolonged to 30 seconds. This is neces- 
sary, as it is not feasible that the bag be completely empty of air at 
each inspiration ; and therefore a longer time is required for the carbon- 
dioxid tension in the bag and in the lungs to become equal. The initial 
amount of air in the bag should be such that it is at least one-half and 
preferably as much as two-thirds emptied at each inspiration. Since 
comatose patients cannot hold the mouthpiece, some form of mask is 
necessary. This may be a gas anesthetic mask or such a device as de- 
scribed below for use with infants. 

A special mask has been devised for the collection of alveolar air 
from infants. It is made from the nipple of a wide-mouth (Hygeia) 
nursing bottle and a piece of thin rubber tissue (dental dam). A sheet 
of the tissue (8 by 10 inches) is perforated in the center by a piece 
of hot metal or glass tubing of large bore. The whole is stretched and 
pulled over the nipple and slipped down to the lower rim. A small 
amount of rubber cement is applied to hold the tissue and nipple to- 
gether. A strip of adhesive plaster three-eighths inch wide is applied 
around the rim of the nipple so as to overlap the rubber tissue and 
hold it firmly in place. The extreme tip of the nipple is cut off and a 
short glass tube, three-eighths inch in diameter, inserted. 

**In making a collection of alveolar air from infants a rubber bag 
of 500 c.c. capacity is connected with the mask and partially filled 
with air by means of an inspirator bulb. The neck of the bag is closed 
off by a pinchcock or with the fingers, the mask placed over the nose 
and mouth of the infant and the rubber tissue closely drawn around 
the face, so as to prevent the escape of air. The mask should, if pos- 
sible, be placed over the face just at the end of expiration. Respira- 
tions are allowed to continue for from 28 to 32 seconds, and at the 
end of an expiration, the neck of the bag is closed off and the mask 
removed from the face. We have found that it is necessary that the 
infant should be breathing quietly for one minute previous to the 
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collection of the air sample, as vigorous crying, just before the mask 
is put on, leads to a lowering of the carbon-dioxid tension, as de- 
termined, by several millimeters. Crying during the collection of the 
sample almost invariably occurs and facilitates mixing of the gases. 
The effect is to raise the tension somewhat if crying is very vigorous, 
but not to such an extent as to be significant. The initial amount of 
air in the bag must be such that during inspiration the bag is from 
one-half to two-thirds empty, but never completely collapsed. The 
amount of air required for infants under 1 year of age varies from 
250 «.c. to 400 c.c.'* (Marriott.) 

The mask described above for use with infants may be very con- 
veniently used for the collection of alveolar air samples from dogs. 
The animal's nose is inserted into the mask and the rubber tissue 
drawn closely around the muzzle. The time of a collection need not 
exceed 25 seconds. 

For analysis of the air samples, the apparatus required comprises 
8 test-tubes, containing standard phosphate solutions; a standard bi- 
carbonate solution; a small test-tube; a glass tube or pipet drawn 
out to a capillary point, and a box for color comparison. 

Principle of the Method of Analysis. — The method depends upon the 
fact that if a current of air, containing carbon dioxid, is passed through 
a solution of sodium carbonate or bicarbonate until the solution is 
saturated, the final solution will contain sodium bicarbonate and dis- 
solved carbon dioxid. The reaction of such a solution will depend 
upon the relative amounts of the alkaline bicarbonate and the acid- 
carbon-dioxid present. This, in turn, will depend upon the tension of 
carbon dioxid in the air with which the mixture has been saturated 
and will be independent of the volume of air blown through, provided 
saturation has once been attained. High tensions of carbon dioxid 
change the reaction of the solution toward the acid side. Low tensions 
have the reverse effect; hence the reaction of such a solution is a 
measure of the tension of carbon dioxid in the air with which it has 
been saturated. 

The reaction of such a solution may be determined by adding to it 
an indicator, such as phenolsulphonephthalein, which shows, over a con- 
siderable range of reaction, definite color changes. A certain color in- 
dicates a certain reaction. 

Solutions of a given reaction may be prepared by mixing acid and 
alkaline phosphates in definite proportions. Such solutions can be kept 
unaltered for long periods of time and may be used as standards for 
comparison. 

Preparation of Standard Phosphate Solutions. — Fifteenth molecular 
acid potassium phosphate: Of the pure, recrystallized salt (KH2PO4), 
9.078 grams are dissolved in distilled water, 200 c.c. of 0.01 per cent, 
phenolsulphonephthalein solution are added, and the whole is made up to 
1 liter. 

Fifteenth molecular alkaline sodium phosphate: The pure, recrys- 
tallized salt (Na2HP04.12H20) is exposed to the air for from 10 days 
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to 2 weeks, and protected from dust. Ten molecules of water of crys- 
tallization are given off and a salt of the formula NaoHPO^. 2II2O is 
obtained. Of this salt, 11.876 grams are dissolved in water, 200 c.c. 
of 0.01 per cent, phenolsulphonephthalein solution are added, and the 
whole is made up to 1 liter. The solutions are mixed in the pro- 
portions indicated in the table. 

Proportions in Which Solutions are Mixed 



Mm 


10 


15 


20 


25 


30 


35 


40 


45 






Acid Potassium Phosphate, 
c.c 


17.8 

88.2 


25.2 

74.8 


31.0 
69.0 


35.7 
64.3 


40.5 
59.5 


45.0 
55.0 


47.0 
63.0 


40.2 


Alkaline Sodium Phosphate, 
c.c 


49.8 







The solutions thus made are put into small test-tubes (a convenient 
size is 10 by 75 mm.) and stoppered ob sealed off. These standard 
tubes should be kept in a dark place when not in use. 

The standard bicarbonate solution is prepared either by weighing 
out 0.530 gram of desiccated sodium carbonate or by measuring ac- 
curately 100 c.c. of tenth normal sodium hydroxid into a 1 liter vol- 
umetric flask. Two hundred c.c. of 0.01 per cent, phenolsulphonephtha- 
lein are added, and the whole is brought up to the mark with distilled 
water. Carbon dioxid from a cylinder or from the lungs may be passed 
through this solution to convert the alkali into bicarbonate, or the solu- 
tion may simply be used as it is, as the alveolar air that will be blown 
through the solution subsequently will accomplish the same purpose. 

The comparison with the standard colors is conveniently made with 
a box similar to that used with the Sahli hemoglobinometer, but con- 
taining 3 instead of 2 holes. It is a small, flat box of blackened metal, 
55 by 45 by 20 mm., backed with opal glass and with 3 slits on the 
front. By the use of this device, slight color changes may be easily 
detected, and the temperature of the tubes is not raised by the heat 
of the hands. In addition, the whole device, with tubes, may be im- 
mersed in water at a given temperature. 

All of the standard solutions used in this method should be kept in 
glass which does not readily give off alkali, that is to say, such a glass 
as **Jena,'' ** Non-sol" or **Pyrex.'' A small amount of toluene or 
thymol added to each solution serves to prevent the growth of molds. 

Technic of the Method of Analysis. — In analyzing a sample of air, 
about 2 or 3 c.c. of the standard bicarbonate solution are poured into 
a clean test-tube of the same diameter as the tubes containing standard 
phosphate solutions, but from 100 to 150 mm. long. Air from the 
bag is then blown through the solution by means of a glass tube drawn 
out to a fine capillary point, until the solution is saturated, as shown 
by the fact that no further color change occurs. The tube is stoppered 
and the color immediately compared with that in the standard tubes. 
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In comparing, one can readily read to millimeters. Color changes are 
not quite so sharp above 35 mm. as at the lower end of the scale, but 
here changes are of less significance. In making the color compari- 
sons, the solution being compared is placed between the two standards 
which it most nearly matches. When there is doubt as to whether the 
color of the solution is higher or lower than one of the standards, chang- 
ing the order in which the tubes are placed in the comparison box will 
generally make the relationships clear. • 

The standard solutions described are so prepared as to give correct 
results when the determination is carried out at a temperature of 
from 20° to 25° C. (from 68° to 77° P.). When the room temperature 
is considerably higher or lower than these points it is advisable to 
immerse the tubes in water at approximately 25° C. during the blow- 
ing. They may be removed from the water for the color comparison, 
however, provided this is quickly made. The differences due to the 
ranges of temperature occurring under ordinary circumstances are prac- 
tically negligible. 

No correction for barometric pressure is required, as, from the na- 
ture of the determination, barometric fluctuations are self-corrective. 
Variations in the temperature of the subject are never great enough 
to aflfect the value as much as 1 mm., and therefore may be neglected. 

6. Indicanemia as a Sign of Renal Disease. — Tschertkoff studied 
the indican of the blood in kidney affections. Irrespective of the na- 
ture of the diet, urea retention or indican is never encountered in the 
scrum of healthy or diseased individuals without renal insufficiency. 
In nephropaths who have considerable urea retention in their serum, 
indicanemia is a regular occurrence. In the presence of a urea con- 
tent of about 1.5 per mille, indicanemia was never missing. In chronic 
nephritides indicanemia and urea retention of 1.5 per mille are unfavor- 
able symj)toms, indicating grave renal alterations. Indicanemia is the 
only sij^n of renal insufficiency in those cases in which acetonemia has 
attained a normal degree through alimentary influences. 

Dorner studied the indican of the blood and other body fluids in 
nephritics with uremic symptoms and in other patients with convulsions, 
following the suggestion of Obermeyer and Papper, who believed they 
had established the fact that a marked increase of the pigment in the 
blootl is practically diagnostic of uremia. The technic was as follows: 
10 to 20 c.e. of blood obtained by venesection or syringe were precipi- 
tated with 5 times the volume of 95 per cent, alcohol, and filtered. The 
filtrate was evaporated and the residue taken up in water. This was 
precipitated by the addition of 2 to 3 drops of lead acetate solution, 
filtered and made up to 10 c.e. by the addition of water. A like amount 
of Obermeyer 's solution was then added. The mixture was shaken in 
a water-bath with 1 c.e. of chloroform. A more or less intense blue 
color in the chloroform indicates a positive test. Dorner studied 26 
patients; 7 of these had well-marked uremic symptoms and 2 suspected 
uremia. His conclusions were: (1) The presence of indican in the 
blood in large quantity is characteristic of outspoken uremia. (2) When 
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indican is present in the blood in considerable amount it is also found 
in the pleural exudate and anasarca fluid, but not in the spinal fluid. 
(3) No toxic effect can be attributed to the indican in uremia. 

Rosenberg has been studying to determine the extreme limit of 
normal indicanemia, and tabulates the figures found in 40 healthy per- 
sons or patients with apparently sound kidneys, in 32 with kidney dis- 
ease but no uremia, and in 29 with urea in the blood up to 1.5 per cent., 
1,000. Jolles's test is too delicate to be dependable, but the Obermeyer- 
Tschertkoff test begins to give a positive response at just about the point 
where the high indican content of the blood corresponds to actual in- 
suflSciency on the part of the kidneys. 

IV. Urea Content op the Cerebrospinal Fluto 

Soper and Granat studied 29 cases of nephritis and 56 cases of non- 
kidney disease with regard to the urea content of the cerebrospinal 
fluid. They concluded that a urea content of more than 0.2 per cent, 
points to severe uremia and a rapid, fatal termination; a urea-content 
of 0.1 to 0.2 per cent, is of grave prognostic import and may be fol- 
lowed by uremia ; below 0.1 per cent, no sigaificance can be attached to 
the findings. 

Canti studied the urea content of the cerebrospinal fluid with the 
following results: Examinations of the spinal fluid, both antemortem 
and postmortem, from a considerable number of cases with and without 
uremia gave some valuable facts upon which to base prognosis. The 
normal urea content of the spinal fluid was found to lie below 0.05 
per cent., as determined by the hypobromite method. Among the 
clinical cases of uremia, all those showing a high urea content in the 
spinal fluid were fatal. Most of those with low urea content survived, 
and in several the diagnosis was found to have been erroneous. Among 
cases not clinically classed as uremic there were two groups, one having 
a high urea content and being complicated with disease other than 
renal, which masked the signs suggestive of uremia; the second, those 
with a low urea content, although not cases of uremia, included many dif- 
ferent forms of disease, showing that a high urea content is usually absent 
in the presence of uremia. A certain proportion of uncompensated 
cardiac cases were diagnosed as uremia but they revealed low urea 
content. The treatment of such cases along lines adapted to uremia 
was not well tolerated, but treatment directed to the heart gave good 
results. 

BIBLIOGRAPHY 

General 

Albarran. Ann. d. mal. d. org. g^nito-urin., 1905, ii, 1332. 
Ambard. Physiologic normale et pathologique des reins, 1914« 
Austin. Pennsylvania Med. Jour., 1913, xvii, 394. 
Baetjer. Arch. Int. Med., 1913, xi, 593. 
Barker. Monographic Med., 1916, Vol. Ill, 863. 

VOL. II.— 2S. 



7M Fr:NTTION\VL DIAGNOSIS 

hxrnt Asrt, Vtz:, Ztmitlt, L irrA^ IC*15, ii. ^"L 

BftAA,v,Tf ji.c;/ THOirA.a- J/jt3r. Am, M«»i Ajk:^ Ii>L5. Ixcr. I»>L 
f'Aiy^/r, K^ Y^fTiL MfA. Jrm^ IfiO^. iTTrrii, S«l 
(iHkt.rriAir, h^Aton K««L and Sonr, Joor^ 1013. eixTT. 46S- 

VoiJsr AXtf IftJiifh, ^fjnr. hlfA. CbtoL^ 1015. ixiL 32L 

Vf/irmL Ar^fa- Int. M#i*L, 1013. xii. 452. 

>*W/nrT.voHAic. A.Ti. Jonr. M^d. 55<., lOlo. exiix. S«Jh. 

OAr;r/r aj^d jACgrw. Anr.. Jvjt. belsr^ d'nroU 1013. liii, 34. 

Oi*A/;HTr, Johr.s Hopkins Hosp. Ball., 10L5. iivi 1-55. 

*lA3^«:wAr, Tr. ^>>n^. Am. Phjm. and Snrgr- 1013. 14. 

Jfr:jt03iAyijr Airo Mitcb. Aneh. f. exper. Path. a. PhannakoU 1913. Ixxiii. 49. 

MA/^rirwrrz, HfpfmjfKfiU} asu I^cuixtkoft. Monchen. Med. Welinschr., 1914, 

Ixi, 1268, 
vojr MoxAicow. iMrjtiw^h. Arch. f. klin. Med., 1914, €iv, 47, 224. 
f^vishj. It, Am. F.'rol. Aniin., 1914, viii, 138. 
(^ri-VBT Ajrr> Fj-ra. Ari^h. Int. Med.« 1915, xt, 303. 
WfWjfncKK, Am. Jr/iir. Med. Sc., 1914, exlvii, 352. 
TuKVf.sf/r, Vrtmnfiti med,, 1913, xxit, 162. 
Z/fSttJZK, Ztflchr. f. kiln. Med., 1915, Ixxxii, 78. 

Methylene Blue Test 

AfrtfAHV Asv Camtaiokb. Oaz. hebd. de med., Paris, 1897, No. 37, 433. 

hAHU, Ihid,, 433. 

Hart/ A.vf/ IV^.v.vbt. Arch. f?en. de med., Feb., 1898, 129. 

iUiA\:vYAH\f. Vraam med., 1898, i, 13. 

(lUAVrVAKI} AStf Cavasse. Ibid,, 129. 

<*ZYUtAUZ ASff IkfSATii. Wien. klin. Wehnschr., 1899, xxiv, 649. 

Mf/Lf.KK. Deiifwh. Arch. f. klin. Med., 1899, Ixiii. 

Oiri.MONT AXD Havmon'O. Presse med., 1899, 201. 

I'vosAVU Asv Hbvilliod. Arch. gen. de med., 1902, viii, 19. 

llfywsTHKK Asu Okbaohty. Jouf. Pharmacol, and Elxper. Therap., 1909-1910, 

i, r>84. 
VsuKHUiUs ASU (^ijOHHOS. Amer. Jour. PhysioL, xiii, 358. 
VoiHiw. Oaz. hebrl. de med., 1807, 433. 
Walkkr. The renal function in urinary surgery, 1908. 

Indigocarmine and Rosanilin Tests 

Dhkyvvh, Thfma do Lyon, 1898. 

IlKriiKNHAiK. Ilnndbuch der Physiologie. 

Kai'HAMMkk. NicrcndiHtrnostik und Nierencliirurgie, 1907. 

liKiMNK. Lyon nird., 18(W, Ixxxvii, 251, 573. 

Ol'i'KNHKfMKK. Vcrluindl. d. deutsch. Ges. f. Urol., 2nd Kongress, 1909, 289. 

VoKU?KKii ANi> JoHKPH. Munchen. med. Wchnschr., 1903, 2081. 

Phenolsul phone phthalein Test 

AiiKij and Howntrkk. Jour. Phnnnaool. and Exper. Therap., 1909, i, 231. 

Ai'HTiN, Pkauck, and Kihknijkky. Jour. Exper. Med., Oct. 14, 1912, xvi, 375i, 

M()YI>. .lour. Am. Mod. Assn., li)12. Iviii, (520. 

(*aiiot and Y()rN(j. Hostnn Med. and Surg. Jour., Oct. 12, 1911, clxv, 549. 

DKltTHCH. \Vi(Mi. klin. Wchnschr., Aug. 8, 1912, xxv, 1217-1223. 

KiHKNimKY. Jour. Exper. Med., Nov. 14, 1912, xvi, 375. 

(iKHAcjinn'. Jour. Am. Mod. A^sn., 1913, Ix, 191. 

(looDMAN. !hi(i„ Ixi, 1S4. 

OoohMAN AND Kkistkllkk. Surg. Gynec. and Obst., 1911, xii, 56. 



KIDNEY FUNCTION TESTS 355 

Kahn. Ibid,, 1917, xxiv, 458. 

Ketes. Am. Jour. Urol., 1912, 601. 

KsTES AND Stevens. New York Med. Jour., June 1, 1912. 

Am. Jour. Urol., Oct. 7, 191^. 

Remsen. Am. Cbem. Jour., vi, 280. 

RO¥rNTitEE AND Geraghty. Jour. Am. Med. Assn., 1911, Ivii, 811. 

Arch, of Int. Med., 1912, 284. 

Jour. Pharmacol, and Exper. Therap., 1910, i, 593. 

Schmidt and Kretschmer. Am. Jour. Urol., Aug., 1912, 399. 
Sehrt. Centralbl. f. Chir., Aug. 17, 1912, No. 33, xxxix, 1121-1124. 
SoHON. Am. Chem. Jour., xx, 257. 

Whitney. Jour. Am. Med. Assn., 1912, Iviii, 936. 

Benal Function as Measured by Elimination of Fluids, Salt and Nitrogen, dnd 

the Specific Gravity of the Urine 

VON SzoLLOST. Ztschr. f. exper. Path. u. Therap., 1916, xvii, 115. 

Cryoscopy of the Urine 

Dbeseb. Exp. Arch., 1892, xxix, 303. 

KoEPPE. Berl. klin. Wchnschr., 1901, 736. 

KoRANTi. Ztschr. f. klin. Med., 1897, xxxiii; 1898, zxxiv, 1. 

Nagelschmidt. Ibid., 1901, xlii, 274. 

VON Noorden and Hitter. Ibid,, 1891, xix, 197. 

Strauss. Ibid., 1902, xlvii, 337. 

Zanoemeister. Berl. klin. Wchnschr., 1903, 1198. 

The Hemorenal Index 

Abrhenits. Ztschr. f. physik. Chem., 1889, iv, 96. 
Bein. Wied. Ann., 1892, xlvi, 29. 
Bersch. Ztschr. f. physik. Chem., 1891, viii, 384. 
Brombero. Jour, d' Urol., 1913, iv, 739. 

Deutsch. med. Wchnschr., 1913, xxxix, 1358. 

Ibid., xl, 118. 

Bugarsky. Arch, f. d. ges. phys. d. Menschen, 1897, Ixviii, 389. 
Elsas. Wied. Ann., 1891, xliv, 668. 

(2) Ibid., 675, 678. 

Engelmann. Mitt. a. d. Grenzpeb. d. Med. u. Chir., 1903, xii, 396. 
KiSTiAKOwsKY. Ztschr. f. physik. Chem., 1890, vi, 105. 
KOHLRAUSCH, F. (1) Wied. Ann., 1879, vi, 1 and 145. 

( 2) Ibid., 1879, vi, 6. 

( 3) Ibid., 1879, vi, 8. 

( 4) Ibid., 1879, vi, 14. 

( 5) Ibid., 1879, vi, 49 and 50. 

( 6) Ibid., 1879, vi, 152. 

( 7) Ibid., 1879, vi, 160. 

( 8) Ibid., 1880, xi, 653. 

( 9) Ibid., 1885, xxvi, 161. 

(10) Ibid., 1885, xxvi, 163. 

(11) Ibid., 1885, xxvi, 170. 

(12) Ibid., 1885, xxvi, 172 and 184. 

(13) Ibid., 1885, xxvi, 222. 

(14) Ibid., 1893, xlix, 225. 

(15) Ibid., 1893, xlix, 233. 

(16) Ibid., 1893, xlix, 242, 247. 

(17) Ibid., 1894, li, 346. 

(18) Prakt. Physik., 1895, vii, 255. 



^56 FUNCnOXAL DIAGNOSIS 

KoHUurscE, F. (19) Ihid^ lfi95, Tii, 301. 

(20) Pagg. Ann, 1S73, czhiiL 143. 

(21) /WA, 1893, xbx, 235. 

KsAjnrHALfl. Zoehr. £. plijsik. Cbem., 1S91« ▼, 2SL 
Lob asd Nzbstst. Ztsdir. f. pfajsik. CheoL, 1868, ii, 9iS. 
09rwjuj>. (1) AUgem. ChcoL, 18^, i 537. 

(2) Ibid., 2« AufL, 1.S93, xi MO. 

(3) Joar. f. pnJrt. Chm^ 188«, X. F. ^^^JH^ 35a. 

(4) Ztsehr. f. physik. Chan., 1885, i, 537. 

(5) Ibid^ 1888, i 278. 

(6) /WJ., 1888. ii, 560. 

(7) Ibid,, 1888, ii, 562. 

(8) Ibid,, 1888, ii, 565. 

(9) Ibid., 1888. it 843. 

(10) Ibid., 1889. iii, 272. 

Pteiffer. Wied. Ann., 1885. nv, 233L 
SiU^. Wkd. Ann., 1891, zliii 212. 

Stetbeb. Bdtr. z. ehem. Physiol, a. Path., 1902, ii, 312. 
TUBXES. British Med. Jonr.. 1906, ii, 1196. 
Webshotest. Ztsehr. f. physik. Chem., 1890, ▼, 486. 
WiEDMAXK AKD Ebebt. Phys. Pnct, 1890, i, 385. 

Lactone TeMt mi Benal Function 

De Bonis. (Hot. inteniaE. d. se. med., 1907, xxix, 446. 

NrssBAUX. Arch. f. d. ges. Physiol., 1878, rn, 179; 1879, xvii, 580. 

RowxTBEE AXD FiTZ. Areh. Int. Med., 1913, xi, 258. 

ScHLATEB AM) Takatasu. Deatsch. Arch. £. klin. Med., 1911, ei, 333. 

ScHWARZ AXD PuLAT. Ztschr. f. exper. Path. n. Therap., 1915, xrii, 383. 

VoiT. Dentsch. Arch. f. klin. Med., 1897, Ivii, 547. 

WiDAL AXD Valleby-Radot. Semaine m^, 1914, zxziv, 325. 

Potassiuw lodid Test 

Aktex. Arch. f. exper. Path. n. Pharmak., 1902, xlviii. 

Duckworth. St. Bartholomew's Hosp., Rep., 1867, iii, 216. 

VON MoNAKOW. Deutsch. Arch. f. klin. Med., 1912, di, 248. 

QuETSCH. Berl. klin. Wchnschr., 1884, xxi, 3i53. 

Boux. These de Paris, 1890. 

RowxTREE AXD FiTZ. Arch. Int. Med., 1913, xi, 258. 

ScHLATER AXD Takatasu. Deutsch. Arch. f. klin. Med., 1911, ei, 333. 

Studexi. Dissertation. Zurich, 1897. 

W0V8CHIX. Jour. Am. Med. Assn., 1915, Ixv, 1101. 

Hippuric Acid Test 

Jaarsveld AXD Stoc\'I8. Exper. Arch., 1879, x, 268. 

Kroxecker. Ihid., 1883, xvi, 344. 

Lewix. Ztsehr. f. klin. Med., 1901, xlii, 371. 

vox NooRDEX. Metabolism and Practical Medicine, 1903, YoL 11^ p. 452» 

Schmiedeberg. Exper. Arch., 1881, xiv, 388. 

vox SCHROEDER. Ztschr. f. physik. Chem., 1879, iii, 323. 

Sertoli. Gazz. d. osp., 1898. 

SiRECi. Ihid., 1896. 

Stocvis AXD vox DEB Velde. Exper. Arch., 1883, xvii, 189. 

Phlorizin Test 

ACHARD AXD Delamare. Bull, et m^m. Soc. m^d. d. hop. de Paris, 1899| 379. 
AiiBABRAx. Exploration des fonctions r^nales. Paris, Masson, 1905. 



KIDNEY FUNCTION TESTS 357 

Babth. Arch. f. klin. Chir., 1903, Izzi. 

Qreenb and Brooks. Diseases of the genito-urinary organs. Philadelphia and 

London, 1917, p. 85. 
Israel. Berlin klin. Wchnschr., 1902. $ 

Kapsammer. Nierendiagnostic und Nierenehimrgie, Vol. I, p. 92, 100. 
Kbotosztner. Am. Jour. Dermat, zi, 9. 
VON Merino. Centralbl. f. d. med. Wissensch., 1885, 531. 
Stevens, W. E. The comparative value of modem functional kidney tests. 

Jour. Am. Med. Assn., May 16, 1914, 1544. 

Urotropin Test 

Falk and Sugittra. Jour. Pharm. and Ezper. Therap., 1917, ix, 241. 

Ibid., 1916, viii, 39. 

Biochem. Bull., 1916, v, 17. 

Testa for Formaldehyd 
Marshall and Walker. Jour. Am. Chem. Soc., 1913, xzxv, 820. 

Creatinin in the Urine 

Barker. Monographic Medicine, 1916, Vol. Ill, 870. 
Detwiller and Gipfith. New York Med. Jour., 1915, cii, 798. 
Neubauer. Miinchen. med. Wchnschr., 1914, bd, 857. 
Van Hooobnhuyze. Tijdschr. v. inland. Gfeneesk., 1913, Ivii, 1594. 

Urea in the Urine 
PiRONDiNi. Policlinico, 1915, zxii, 404. 

Diastase or Amylase in the Urine 

GERA0HT7, RowNTREE AND Cart. Ann. Surg., 1913, Iviii, 800. 
Getelin. Arch. Int. Med., 1914, ziii, 96. 
PiRONDiNi. Policlinico, 1914, zzi, 157. 

Diuretic Testa 

Beck. Therap. Gaz., 1915, xxzix, 533. 

FiTZ. Arch. Int Med., 1914, ziii, 945. 

Herrinoham and Trevan. Quart. Jour. Med., 1913, vi, 505. 

MosENTHAL. Bostou Med. and Surg. Jour., 1914, clzz, 245. 

BoucharcPs Urotoxic Coefficient 

Albu. Arch. f. Path. Anat. und Phys., 1901, clzvi, 77. 

AsGOLi. Uraemia, Jena, 1903. 

Beck. Arch. f. d. ges. Phys. d. Menschen, 1889, Izz, 560. 

Bergh. Ztschr. f. klin. Med., 1898, xzxv, 52. 

Bernard. Les fonctions du rein dans les nephrites chroniques, 1900. 

Bouchard. Autointoxications, 1877, p. 118. 

Cawadias. Compt. rend. Soc. de biol., 1910, Ixviii, 976. 

EwALD. Die Autointoxikationen. Deut. Med., 1901, xix, 72. 

Gumprecht. Centralbl. f. inn. Med., 1897, 569. 

MiJLLER. Yerhandl. d. Kongress f. Inn. Med., 1898, 163. 

VON Noorden. Metabolism and Practical Medicine, 1907, Vol. 11, p. 480. 

Therapie der Gegenwart, 1889, p. 243. 

PosNEi AND Vertum. Bcrl. klin. Wchnschr., 1900, 75. 
Stadthagen. Ztschr. f. klin. Med., 1889, xv, 383. 
Wolff. Deutsch med. Wchnschr., 1884, 627. 



358 FUNCTIONAL DIAGNOSIS 

The Composition of the Blood 

Epstein, A. A. Jour. Exper. Med., 1912, xvi, 719; 1913, xvii, 444; 1914, xx, 334. 
— — Concerning the causation of edema in chronic parenchymatous neph- 
ritis. New York Med. Record, 1917, xci, 128. 

Epstein and Rothchild. Am. Jour. Physiol., 1917, xlii, 586. 

HuBWiTZ AND Meyer. Jour. Exper. Med., 1916, xxiv, 515. 

RowE, A. H. The albumin and globulin content of human blood-senmi. Arch. 
Int. Med., Sept., 1916, 455. 

WiDAL, Jour. med. fran^ais, 1911, v, 18. 

Amhard^s Coefficient and McLean's Index of Excretion of Urea and Chlorid 

AcHARD AND Leblanc. Bull, et m^m. Soc. m^d. d. hop., Paris, 1914, xxx, 337. 
Ambard. Compt. rend. Soc. de biol., 1910, Ixix, 411, 506. 

Physiologic normal et pathologique des reins, Paris, 1914. 

Rev. de med., 1913, xxxiii, 474. 

Ahbard and Chabanier. Arch. urol. de la clin. de Necker, 1913, i, 248. 

Jour. d. physiol. et de path. g6n., 1912, xiv, 753. 

Semaine mid., 1912, xxxii, 217. 

Austin. Med. Rec., 1913, Ixxxiii, 1064. 

Austin and Miller. Jour. Am. Med. Assn., 1914, Ixiii, 944. 

Bauer and Habetin. Ztschr. f. Urol., 1914, viii, 353. 

Bauer and von Nyirl Ihid,, 1915, ix, 81. 

Bayne-Jones. Arch. Int. Med., 1913, xii, 90. 

Bonanomb. Policlinio, 1913, xx, 1065. 

Bret and Bonlud. Jour, d'urol., 1913, iv, 185. 

BuTTERriELD AND Braddock. Proc. Soc. Exper. Biol, and Med., 1914, xii, 73. 

Chabanier and Lobo-Onell. Arch. urol. de la clin. de Necker, 1913, i, 235. 

CouRMOUNT, Bonlud, Savy, and Blano-Perducet. Bull, et m6m. Soc. mid. de 

hop., Paris, 1913, xxix, 259. 
Farr and Austin. Jour. Elxper. Med., 1913, xviii, 228. 
Frothingham and Smillie. Arch. Int. Med., 1915, xv, 204. 
Kholzoff. Russk. Vratch, 1914, xiii, 165. 
Leoueu. Urol, and Cutan. Rev., 1914, ii, 117. 
Lewis. Arch. Int. Med., 1917, xix, 1. 
Marshall. Jour. Biol. Chem., 1913, xiv, 283. 
McLean. Am. Jour. Physiol., 1915, xxxvi, 357. 

Jour. Exper. Med., 1915, xxii, 212, 366. 

McLean and Selling. Jour. Biol. Chem., 1914, xix, 31. 
McLean and Van Slyke. Ibid,, 1915, xxi, 361. 
Peabody. Jour. Exp. Med., 1913, xvii, 71. 

WiDAL, Ambard and Weill. Semaine m^d., 1912, xxxii, 361. 
WiDAL AND Javal. Compt. rend. Soc. de biol., 1904, Ivi, 301. 

Physical Methods for Determining Composition of Blood 

Butterfield, Erdwurm, and Braddock. Am. Jour. Med. Sc, 1915, 63. 
HiNMAN. Surg. Qynec. and Obst., 1914, xix, 482. 
Strauss. Ztschr. f. klin. Med., 1906, ex, 501. 
Veil. Deutsch. Arch. f. klin. Med., 1913, cxii, 504 

Ibid., 1914, cxiii, 226. 

The Non-protein Nitrogenous Constituents of the Blood 

Farr and Austin. Tr. Coll. Phys., Philadelphia, 1913, xxxv, 167. 

Jour. Exper. Med., 1913, xviii, 228. 

FoLiN AND Denis. Jour. Biol. Chem., 1912, xi, 527. 

Ibid., 1913, xiv, 33. 



KIDNE? FUNCTION TESTS 359 

FouN AND Denis. Ihid., 1916, xxvi, 473. 
FoLiN, Denis and Seymour. Arch. Int. Med., 1913, xii, 223. 
Foster and Davis. Am. Jour. Med. Sc, 1916, cli, 49. 
Frothingham, Folik and Denis. Arch. Int Med., 1913, xii, 245. 
HoHLWEO. Deutsch. Arch. f. klin. Med., 1911, civ, 216. 

Mitt. a. d. Grenzgeb. d. Med. u. Chir., 1915, zzviii, 459. 

Hopkins and Jonas. Arch. Int. Med., 1915, xv, 964. 
Karsner and Denis. Jour. Exper. Med., 1914, xix, 259. 
Pearce. Jour. Lab. and Clin. Med., 1916, ii, 130. 

Prevost and Dumas. Ann. de chim. et phys., 1823, xxiii, 90. 
Thayer and Snowden. Am. Jour. Med. Sc, 1914, cxlviii, 781. 
TiLESTON AND CoMFORT. Arch. Int. Med., 1914, xiv, 620. 

Creatinin in the Blood 

Lampert. Ztschr. f. klin. Med., 1914, Ixxx, 498. 

Myers and Lough. Arch. Int. Med., 1915, xiv; 536-546. 

Orlovius. Ztschr. f . Qeburtsh. a. Qynak., 1916, Ixxvii, No. 213. 

Acidosis in Renal Disease 

Adler and Blake. Arch. Int. Med., 1911, vii, 479. 

DORNER. Arch. f. klin. Med., 1914, cxiii, 342. 

HiGGiNS, Peabody and Fitz. Jour. Med. Research, 1916, xxiv, 263. 

HiGGiNS AND Means. Jour. Pharmacol, and Exper. Therap., 1915, vii, 1. 

Rowland and Marriott. Am. Jour. Dis. Child., May, 1916. 

Levy, Rowntree and Marriott. Arch. Int. Med., 1915, xv, 389. 

Marriott. Jour. Am. Med. Assn., 1916, Ixvi, 1594. 

Arch. Int. Med., 1916, xvii, 840. 

Palmer and Henderson. Ihid,, 1915, xv, 109. 
Peabody. Ihid., 1917, xiv, 236. 

Am. Jour. Med. Sc, 1916, cli, 184. 

Forges and Leimdorfer. Ztschr. f. klin. Med., 1913, Ixxvii, 464. 
Rosenberg. Miinchen. med. Wchnschr., 1916, Ixiii, 117-120. 
Tschertkoft. Deutsch. med. Wchnschr., 1914, xl, 1713-1715. 

Urea Content of the Cerehrospinal Fluid 
SoPEB AND Granat. Aich. Int. Med., 1914, xiii, 131. 



INDEX 



Abderhalden's serodiagnosis or specific 
ferment test for hyperthy- 
roidism, 203 
dialyzation method in, 207 
controls in, 209 
dialyzing tubes in, 208 
obtaining of serum in, 208 
preparation of thyroid protein in, 

207 
tests for cleavage products of pro- 
tein in, 209 
biuret test, 209 

triketohydrinden hydrate reac- 
tion, 210 
optic method in, 204 
controls in, 206 
obtaining of senun in, 206 
preparation of thyroid peptov>e iny 

204 
technic of, 206 
Acetonitril test of Reid Hunt in hyper- 
thyroidism, 230 
Acidity, gastric. See under Gastric 

acidity 
Acidosis in testing renal function, 342 
determination of, by alveolar car- 
bon-dioxid tension, 348 
by carbon-dioxid tension of blood 
(Van Slyke method), 346 
by hydrogen-ion concentration of 
blood, 343 
Adrenal glands, functional diagnosis 
of, 232 
in hyperadrenalism, 234 

complement-deviation test in, 234 
Ehrmann-Meltzer reaction in, 234 
sugar content of blood estimation 
in, 234 
Epstein method, 237 
Lewis-Benedict method, 236 
micromethod of Bang, 234 
Pearce's modification of Lewis- 
Benedict method, 237 
in hypo-adrenalism, 232 

increased sugar tolerance in, 234 
Sergent's white adrenal line in, 232 



Adrenalin test, Loewi's, of pancreatic 

function, 88 
Alimentary glycosuria, 90 
Ambard's coefficient, clinical value of, 
309-312 
in normal cases, 310 
in testing composition of blood for 
renal function, 306 
Amino-acid nitrogen in blood in liver 
function tests, 121 
technic of Henriques-Sorensen test 
for, 104 
for large amounts of ammonia, 

104 
for small amounts of ammonia, 
104 
Ammonia nitrogen test of Folin in 
functional diagnosis of the 
liver, 103 
Amylase in analysis of feces in pan- 
creatic function tests, 62 
Hawk's quantitative method in, 63 
Robert-Strassburger method in, 62 
in analysis of urine in pancreatic 
function tests, 83 
Wohlgemuth's method in, 85 
.in analysis of urine in renal func- 
tion diagnosis, 301 
in duodenal contents in pancreatic 
function tests, 53 
Anacrotic pulse, 174 
Anemia, urobilin excretion test in, lOS 
Angina pectoris in functional diag- 
nosis of the heart, 149 
Apex beat, cardiographic curves in 

different forms of, 176 
Arrhythmia, significance of, 144 
Arteriosclerosis with hypertension, an- 
alvsis of blood-serum in, 
323 
Auricular fibrillation, electrocardio- 
gram in, 182 
Auricular fiutter, electrocardiogram in, 

183 
Azotorrhea in analysis of feces in pan- 
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Bathmotropic fimction of heart, 137 
Bauer, galactose test of, in functional 

diagnosis of liver, 96 
Beckman-Heidenhain apparatus for 
determination of freezing- 
point, 276, 277 
Benedict, clinicaf respiration appara- 
tus of, 212 
total sulphur method of, in func- 
tional diagnosis of liver, 130 
urinary nitrogen test of, in func- 
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Blood, composition' of, in test of renal 
function, Epstein's theory 
of, 303 
in normal and pathological condi- 
tions, 313 
indicanemia in, 352 
McLean's index of urea and 
chlorid excretion in, 314 
clinical value of, 309-312, 319 
physical methods in, 320 
freezing-point, refractive index 
and specific gravity of 
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non-protein nitrogen, methods for 
determination of, 119 
colorimetric method of Folin 

and Denis, 119 
drawing blood method, 119 
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blood-pressure studies in, 
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150, 151 
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cardiac motive force in, 137 
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vasomotor control of, 138 
cardiovascular response to demand 
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159 
effect of exercise, 160 
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Herz's g>^mnastic test, 160 
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158 
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methods of determining venous 
pressure in, 167 
electrocardiogram in, 178 
changes in, associated with myo- 
cardial involvement, 181 
indicative of intraventricular 

block, 185 
interpretation of, 179 
in cardiac displacement, 196 
in congenital circulatory lesions, 196 
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in nephritic hypertension, 196, 197 
in neurocirculatory asthenia, 192, 

195, 196 
in paroxysmal tachycardia, 191 
in special diseases, 191 
in thyrotoxic tachycardia, 192, 193 
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metabolic changes in im- 
paired heart function in, 
189 
elimination of salt in, 190 
vital capacity of lungs in, 189 
physical signs and symptoms in, 144 
angina pectoris in, 149 
auscultatory signs of heart in, 147 
changed quality of pulse in, 145 
crepitations at bases of lungs in, 

149 
dyspnea in, 147 
irregularities of heart in, 144 
stasis phenomena in, 149 
variations in pulse-rate in, 145 
bradycardia, 145, 146 
tachycardia, 145 
polygraph in, 169 
cardiographic evidence of loss of 
tonicity of heart-muscle by 
means of, 175 
effect of cough upon the sphygmo- 

graphic curve of, 173 
interpretation of sphygmographic 
tracings of, 170 
reserve force of heart in, 138 

differences in, 138 
roentgen ray and orthodiagraph in, 
185 
showing myocardial dilatation re- 
flex,' 189 
showing myocardial retraction re- 
flex, 188 
showing variations in size of heart 
during and after work, 185 
Cirrhosis of the liver, urobilin excre- 
tion test in, 107 
Claude, Baudouin and Porak test in 

hyperthyroidism, 211 
Colorimeter, Dunning, 249 

Hellige, Rowntree and Geraghty 
modification, 248 
Colorimetric method of Folin and 
Denis in non -protein nitro- 
gen determination in liver 
function tests, 119 
Colrat and ^Lepine saccharose test in 
functional diagnosis of 
liver, 95 
Compensation, cardiac, 139 
Complement-deviation test for hyper- 
adrenalism, 234 
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Complement-deviation test of Marines- 
co-Roseo in hyperthyroid- 
ism, 202 

Constantino method for determination 
of amino-acid nitrogen in 
blood in liver function 
tests, 119 

Cough, effect of, on sphygmographic 
curve, 173 

Creatinin in blood as test of renal 
function, 339 
clinical value of, 339-340 
creatin plus creatinin method in, 341 
preformed (Folin method), 340 

Creatinin test of composition of urine 

in test of renal function, 298 

Folin's colorimetric method in, 299 

Creatorrhea in analysis of feces in 
pancreatic function tests, 80 

Cryoscopy of urine, 275. See also 
under Freezing-point 

Decompensation, cardiac, 139 
Deviation of complement. See Com- 
plement-deviation. 
Diastase in analysis of urine in pan- 
creatic function tests, 83 
Wohlgemuth's method in, 85 
Diastase test, of urine in renal func- 
tion diagnosis, 301 
Dicrotic pulse, 172 

Diuretic tests in renal function diag- 
nosis, 301 
Dock, test-breakfast of, 3 
Dreser and Koranyi method in deter- 
mination of freezing-point 
of urine, 278 
Dromotropic function of heart, 137 
Dunning colorimeter, 249 
Duodenal contents, analysis of, by in- 
tubation, for testing of 
pancreatic function, 52 
amylase in, 53 
lipase in, 53 
protease in, 53 
results of, 54 
r^urgitated, analysis of, for testing 
of pancreatic function, by 
examination of stomach 
contents, 57 
Boldyreff-Volhard oil test-break- 
fast in, 58 
Ehrmann's palmin test-meal in, 58 



Duodenal pump, Einhom, 52, 54 

Duodenal secretion, fractional analysis 
of, simultaneously with 
gastric secretion, 25 

Duodenal ulcer, curves of gastric secre- 
tion in, 19, 20 

Dyspnea in heart-failure, 147, 149 

Ehrmann palmin test-meal in pancre- 
atic function tests, 58 

Bhrmann-Meltzer reaction in tests 
for hyperadrenalism, 234 

Einhom bead test for motility of in- 
testine, 35 

Einhom duodenal pump, 52, 54 

Electrocardiogram in functional diag- 
nosis of heart, 178 
changes in, associated with myo- 
cardial involvement, 181 
indicative of intraventricular 
block, 185 
interpretation of, 179 
normal, 180 

Eisner, determination of volume of 
gastric secretion by method 
of, 11 

Endocrine glands, functional diagnosis 
of, 202 et aeq. See also 
under names of glands. 

Epinephrin functional test of blood- 
pressure, 164 

Epinephrin mydriasis test of Loewi in 
hyperthyroidism, 231 

Epstein method for the estimation of 
susrar content of blood, 
237 

Epstein theory in testing composition 
of blood for renal functioni 
303 

Erlanger sphygmomanometer, 151 

Ethereal sulphate estimation in intes- 
tinal putrefaction, 42 

Ethereal sulphates test in functional 
diagnosis of liver. See Sul- 
phoconjugation test. 

Ewald test-meal, 14 
fallacies of, 17 

Ewald and Boas test-breakfast, 3 

Ewald-Sievers salol test of gastric 
motility, 32 

Exercise, effect of, on blood-pressure, 
160 
on pulse-rate, 156 . 
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Exophthalmic goiter, functional capac- 
ity of circulation in, 192, 
193 

Eye-grounds, influence of phenolsul- 
phonephthalein test on, 
254 

Feces, analysis of, in pancreatic func- 
tion tests, 57 
azotorrhea in, 68 

chemical analysis in, following 
Schmidt-Strassburger test, 
66 
creatorrhea in, 80 
for pancreatic enzymes, 59 
amylase in, 62 
lipase in, 66 
trypsin in, 59 
Salhi's glutoid capsule test in, 81 
Schmidt cell-nuclei test in, 81 
steatorrhea in, 70 
Ferment test, specific, of Abderhalden. 

See under Abderhalden. 
Fibrinogen test in functional diagnosis 

of the liver, 116 
Fibrinolytic ferment of the blood in 

liver function tests, 124 
Fischer, test-meal of, 4 
Fleischer iodoform test for gastric mo- 
tility, 33 
Folin amino-nitrogen test, in func- 
tional diagnosis of the liver, 
103 
colorimetric method, in creatinin 
t est of urine for renal 
function, 299 
ethereal sulphates method in func- 
tional diagnosis of liver 
diseases, 131 
preformed creatinin method in test 
of renal function, 340 
Folin and Denis colorimetric method of 
determination of non-pro- 
tein nitrogen content of 
blood in liver function 
tests, 119 
Formaldehvd test of urine in renal 
function diagnosis, 298 
phenylhydrazin-sodium - nitroprussid 

method, 298 
phloroglucin method, 298 
Freezing-point of blood in testing of 
renal function, 320 



Freezing-point of urine in renal func- 
tion tests, 275 
apparatus for, 276 
method of Dreser and Koranyi in, 

278 
principle of, 275 
Functional diagnosis, 3. See under 
separate organs. 

Gastric acidity, combined, determina- 
tion of, 8 
due to organic* acids and acid salts, 

detenninatiou of, 8 
free, determination of, 8 
Glutzinski's method for determina- 
tion of, 9 
total, determination of, 7 
Gastric analysis, Topfer's method of, 

7 
Gastric carcinoma, curves of gastric 

secretion in, 20, 21 
Gastric emptying power, tests for, 31, 
32 
Ewald-Sievers salol test in, 32 
Fleischer iodoform test in, 33 
Giinzburg's method in, 34 
Leube's test in, 33 
Sahli's desmoid reaction in, 34 
Smithies' physiologic method in, 32 
Wintemitz iodipin test in, 33 
Gastric juice, acetic acid in, detection 
of, 7 
butyric acid in, detection of, 6 
lactic acid in, detection of, 6 
organic acid in, detection of, 6 
pepsin in, determination af, 4 
rennin in, detection of, 6 
trypsin in, determination of, 5 
Gastric residuum, removal of, 13, 21 

testing of, 21 
Gastric secretion, fractional analysis 
of, simultaneously with 
duodenal secretion, 25 
Rehfuss method of fractional anal- 
ysis of, 12 
volume of, determination of, 10 
by method of Eisner, 11 
by method of Hayem and Winter, 

11 
by method of Mathieu-Remond, 10 
by method of Strauss, 11 
Gastric ulcer, curves of gastric secre- 
tion in, 17, 18 
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Oastro-albumorrhea tests, 25 
Salomon method in, 25 
Wolff-Junghans method in, 26 
Hess investigations in, 31 
Rehfuss- Clarke technic in, 28 
Smithies' technic in, 26 

Gastro-intestinal function tests, 3 et 
seq. 

Ghedini's ferment test in functional di- 
agnosis of liver diseases, 
124 

Glutzinski's method for determination 
of gastric acidity, 9 

Glycosuria, alimentary, 90 

Glycuronic conjugation test in func- 
tional diagnosis of the 
liver, 132 

Goetsch, skin reaction of, in hyper- 
thyroidism, 231 

Goiter, exophthalmic, functional capac- 
ity of circulation in, 192, 
193 

Goodpasture, fibrinolytic ferment test 
of, in functional diagnosis 
of liver diseases, 124 

Graupner's test of blood-pressure, 164 

Giinzburg's method in testing gastric 
emptying power, 34 

Hawk's quantitative method in analy- 
sis of feces for amylase, 63 
Hayem and Winter, determination of 
volume of gastric secretion 
by method of, 11 
Heart, compensation and decompensa- 
tion of, 139 
congenital lesions of, functional 
capacity of circulation in, 
196 
decompensation of, urobilin excre- 
tion in, 108 
diseases of, phenolsulphonephthalein 

test in, 254 
displacement of, functional capacity 

of circulation in, 196 
functional diagnosis of, aim of, 140 
blood-pressure studies in, 149 
auscultatory estimation in, 151 
cardiac efficiency factor of 

Tigerstedt in, 152 
cardiac strength — cardiac weak- 
ness ratio in, 154 
digital examination in, 150 



Heart, functional diagnosis of, blood- 
pressure studies in, instru- 
mental estimation in, 150 
sphygmomanometry in, 149, 

150, 151 
Tomai auscultatory phase test 
in, 153 
cardiovascular response to demand 
for increased circulation in, 
155 
by methods depending upon 
variations in blood-pres- 
sure, 157 
Barringer's test, 165 
effect of change of position 

in, 159 
effect of exercise in, 160 
epinephrin functional test, 

164 
Graupner's test, 164 
Herz's gymnastic test, 160 
Katzenstein's test, 162 
stair-climbing test of Selig, 
160 
by methods depending upon 
variations in pulse-rate, 155 
effect of changed position, 

155 
effect of exercise (Mendel- 
sohn test), 156 
Herz's test, 159 
hopping test, 158 
stair-climbing test of Selig, 
156-158 
efficiency tests of right heart in, 
167 
breathing tests in, 169 
methods of determining venous 
pressure in, 167 
electrocardiogram in, 178 
changes in, associated with myo- 
cardial involvement, 181 
indicative of intraventricular 

block, 185 
interpretation of, 179 
in cardiac displacement, 196 
in congenital circulatory lesions, 

196 
in exophthalmic goiter, 192, 193 
in nephritic hypertension, 196, 

197 
in neurocirculatory asthemia, 192, 
195, 196 
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Hearty functional diagnosis of, in 
paroxysmal tachyciurdiay 
191 
in special diseases, 191 
in thyrotoxic tachycardia, 192, 193 
metabolic changes in, 189 
elimination of salt in, 190 
vital capacity of lungs in, 189 
physical signs and symptoms in, 
144 
angina pectoris in, 149 
auscultatory signs of heart in, 

147 
changed quality of pulse in, 

145 
crepitations at bases of lungs 

in, 149 
dyspnea in, 147 
irregularities of heart in, 144 
stasis phenomena in, 149 
variations in pulse-rate in, 145 
bradycardia, 145, 146 
tachycardia, 145 
polygraph in, 169 
cardiographic evidence of loss 
of tonicity of heart-muscle 
by means of, 175 
effect of cough upon the sphyg- 

mographic curve of, 173 
interpretation of sphygmo- 
graphic tracings of, 170 
roentgen ray and orthodiagraph 
in, 185 
showing myocardial dilatation 

reflex, iso 
showing myocardial retraction 

reflex, 188 
showing variations in size of 
heart during and after 
work, 185 
motive force of, 137 
muscle structure in, 137 
specialized muscle cell structure 

in, 137 
vasomotor control of, 138 
reserve force of, 138 
differences in, 138 
right, efficiency tests of, 167 
variations in size of, during and 
after work, 185 
Heart-block, intraventricular, electro- 
cardiogram in, 185, 186, 
187 



Heart-failure, 139 
crepitations at bases of lungs in, 

149 
dyspnea in, 149 
stasis phenomena in, 149 
symptoms of, 147 
Heart-muscle, loss of tonicity of, 

shown by polygraph, 175 
Heart-sounds in functional diagnosis 
of the heart, 147 
differentiation of functional from 
organic, 147 
Hellige colorimeter, Rowntree and 
Oeraghty modification, 248 
Hemarenal index in renal function 
diagnosis, 279 
apparatus in detail in, 281 
comparison resistance in, 284 
contact in, 288 
electrode vessels in, 284 
element in, 281 
induction coil in, 282 
measuring bridge in, 282 
telephone in, 283 
thermostat in, 287 
calculation in, 289 
method and apparatus in general in, 

280 
method of operation in, 289 
Henriques-Sorensen amino-acid nitro- 
gen test in functional diag- 
nosis of the liver, 104 
Hepatic cirrhosis, urobilin excretion 

test in, 107 
Hepatic function tests, 93. See Liver 

function tests. 
Hepatic stasis, urobilin excretion test 

in, 107 
Herz's gymnastic test of blood-pres- 
sure, 160 
test for variations in pulse-rate^ 
159 
Hess investigations with gastro-albu« 

morrhea test, 31 
Hill sphygmomanometer, 151 
Hippuric acid conjugation test in 
functional diagnosis of the 
liver, 132 
Hippuric acid test of urine in renal 

function diagnosis, 293 
Hopkin's lactic acid test, 6 
Hopping test for variations in pulM- 
rate, 158 
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Hunt, Reid, acetonitril test of, in* 

h3rperthyroidigm, 230 
Hydrochloric acid, free, in stomach 
contents, determination of, 8 
Hyperadrenalism, tests for, 234 
complement-deviation test, 234 
Ehrmann-Meltzer reaction, 234 
sugar content of blood estimation^ 
234 
by Epstein's method, 237 
by Lewis-Benedict method, 236 
by micro-method of Bang, 234 
by Pearce's modification of Lewis- 
Benedict method, 237 
Hyperpituitarism, tests for, 232 
by means of gas exchanges, 232 
glycosuria in, spontaneous and ali- 
mentary, 232 
Hypertension, nephritic, functional 
capacity of circulation in, 
196, 197 
Hyperthyroidism, tests for, 202 
Abderhalden's serodiagnosis or spe- 
cific ferment test in, 203 
dialyzation method in, 207 
controls in, 209 
dialyzing tubes in, 208 
obtaining of serum in, 208 
preparation of thyroid protein 

in, 207 
tests for cleavage products of 
protein in, 209 
biuret test, 209 
triketohydrinden hydrate re- 
action, 210 
optic method in, 204 
controls in, 206 
obtaining of serum in, 206 
preparation of thyroid peptone 

in, 204 
technic of, 206 
acetonitritil test of Reid Hunt in, 

230 
Claude, Baudouin and Porak test in, 

211 
epinephrin mydriasis test of Loewi 

in, 231 
iodin tests in, 202 
Marinesco-Roseo complement-devia- 
tion test in, 202 
metabolism studies in, 209 

clinical respiration apparatus of 
Benedict in, 212 



Hyperthyroidism, tests for, metab- 
olism studies in, universal 
respiration apparatus in| 
212 
add trap in, 213 
alcohol check tests for, 324 
balances in, 218 
oarometer in, 219 
blower in, 213 
carbon-diozid absorbing system 

in, 214 
carbon-diozid production deter- 
mined by, 224 
control tests for, 224 
gas meter in, 216 
manometer in, 218 
oxygen consumption determined 
by, 225 
aqueous-vapor tension meas- 
urement in, 226 
barometric pressure measure- 
ment in, 227 
errors in measurement in, 227 
temperature measurements in, 
227 
oxygen supply in, 216 
principle of, 212 
pulse-rate recording in, 222 
respiration chamber in, 219 
circulation of air inside, 221 
connections with, 219 
temperature measurements 
and controls in, 221 
routine of an experiment with, 

228 
sodium-bicarbonate can in, 215 
spirometer or tension-equalizer 

in, 217 
testing of, 222 
tightness of, testing of, 222 
tubing and piping in, 214 
two-way valve in, 214 
water absorberis in, 213 
skin reaction of GK)etsch in, 231 
Hypo-adrenalism, tests for, 232 
increased sugar tolerance in, 234 
Sergent's white adrenal line in, 232 
Hypophesis cerebri. See Pituitary 

body. 
Hypopituitarism, tests for, 232 
Hypothyroidism, tests for, 232 
therapeutic test in, by administra- 
tion of thyroid extract, 232 
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Indicanemia in renal function tests, 

352 
Indigocarmine test for renal function, 

245 
Infections, urobilin excretion test in, 

108 
Inotropic function of heart, 137 
Interstitial nephritis, chronic. See 

under Nephritis. 
Intestinal putrefaction, tests for, 42 
ethereal sulphate estimation in, 42 
Intestines, function tests for, 3 et seq, 
motility of, tests for, 34 
carmine test, 34 
charcoal test, 35 
Einhom bead test, 35 
Schmidt test-diet, 36 
administration of, 36 
examination of test-diet stools 
in, 38 
chemical, 39 
macroscopic, 38 
microscopic, 39 
Intraventricular block, electrocardio- 
gram in, 185, 186, 187 
lodin tests in hyperthyroidism, 202 
Iodoform test for gastric motility, 33 

Jaundice, analysis of feces in, 72, 73, 

75 
infective, chemical analysis of blood 

in, 334 
urobilin excretion test in, 107 

Kahn method of simultaneous frac- 
tional analysis of gastric 
and duodenal contents, 25 
method in sulphoconj nation test 
for functional diagnosis of 
liver, 129 
Katzenstein's test of blood-pressure, 

162 
Kelling's lactic acid test, 6 
Kidney, functional diagnosis of, 242 
et seq, 
chromocystoscopic tests in, 245 
indigocarmine test, 245 
methylene blue test, 245 
phenolsulphonephthalein test, 246 
clinical value of, 250 
in acute nephritis, 252 
in cardiac and cardiorenal dis- 
eases, 254 



Kidney, functional diagnosis of, chro- 
mocystoscopic tests in, phen- 
olsulphonephthalein test, in 
chronic interstitial neph- 
ritis, 253 
in chronic parenchymatous ne- 
phritis, 252 
in injection on various tissues, 

258, 259 
in relation to amount of urinary 

secretion, 252 
in relation to blood-pressure, to 
changes in eye-grounds and 
to blood-picture, 254 
in surgical cases, 255 
in testing function of individual 

kidney, 256 
in unilateral or bilateral sur- 
gical disease of the kidney, 
257 
in uremia, 253 
technic of, 246 
classification of tests in, Barker's, 243 
composition of blood in, 303 
acidosis in, 342 

determination of, by alveolar 
carbon-dioxid tension, 348 
by carbon-dioxid tension of 
blood (Van Slyke method), 
346 
by hydrogen-ion concentra- 
tion of blood, 343 
Ambard's coefficient in, 306 
clinical value of, 309-314 
chemical, 325 
creatinin in, 339 

clinical value of, 339-340 
creatin plus creatinin method 

in, 341 
preformed creatinin (method 
of Folin) in, 340 
n Dii -protein nitrogenous con- 
stituents in, 325 
clinical value of, 327, 333 
in infective jaundice, 334 
in nephritis, 330, 334 

as influenced by diet, 332 
in normal blood, 329 
in other diseases, 331 
uric acid in, 341 
Epstein's theory of, 303 
in normal and pathological con- 
ditions, 313 
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Kidney, functional diagnosis of, com- 
position of blood in, indie- 
anemia in, 352 
McLean's index of urea and 
chlorid excretion in, 314 
clinical value of, 309, 312, 319 
physical methods in, 320 
freezing-point, refractive index 
and specific gravity of 
blood-serum in, 320 
clinical value of, 322 
composition of urine in, 259 

determined by excretion of in- 
gested substances, 291 
bismuth reduction test in, 291 
creatinin test in, 298 

Folin's colorimetric method, 
299 
diastase (amylase) test in, 301 
formaldehyd tests in, 298 
phenylhydrazin-sodium-nitro- 

prussid method, 298 
phloroglucin method, 298 
hippuric acid test in, 293 
lactose test in, 291 
phlorizin test in, 294 
potassium iodid test in, 292 
urea test in, 300 
urotropin test in, 296 
measured by elimination of fluids, 
salt and nitrogen, and the 
specific gravity of urine, 
259 
chlorid determination in, 271 
Volhard-Amold method in, 

271 
Volhard-Harvey method in, 
272 
experimental polyuria in, 273 
opsiuric test in, 275 
Strauss-Qreenwald method in, 

273 
water experiment of Kovesi 

and Roth-Schulz in, 273 
water experiment of Strauss 
in, 275 
nephritic test-meal in, 259 
clinical value of, 261 
in advanced hypertensive ne- 
phritis, 269 
in chronic diffuse (parenchy- 
matous) nephritis, 262, 266, 
267 



Kidney, functional diagnosis of, com- 
position of urine in, meas- 
ured by elimination of 
fluids, salt and nitrogen, 
and the specific gravity of 
urine, nephritic test-meal 
in, in chronic interstitial 
nephritis, 268 

in chronic nephritis, severe, 
262, 265 

in extreme interstitial ne- 
phritis, 270 

in moderate cases of nephri- 
tis, 269 

in myocardial decompensa- 
tion, 271 

in myocardial insufficiency, 
marked, 270 

in normal individual, 261, 264 

in uncomplicated interstitial 
nephritis, 267 

Mosenthal's investigations of, 
263-271 
pharmacological tests in, 301 
Bouchard's urotoxic coefficient, 

302 
diuretic tests, 301 
ph3rsical methods in, 275 
freezing-point determination in, 
275 

apparatus for, 276 

method of Dreser and Koran- 
yi in, 278 

principle of, 275 
hemorenal index in, 279 

apparatus in detail in, 281 
comparison resistance in, 284 
contact in, 288 
electrode vessels in, 284 
element in, 281 
induction coil in, 282 
measuring bridge in, 282 
telephone in, 283 
thermostat in, 287 

calculation in, 289 

method and apparatus in gen- 
eral in, 280 

method of operation in, 289 
urea content of cerebrospinal fluid 
in, 353 
Kidney diseases, unilateral or bilater- 
al, phenolsulphonephthalein 
test in, 257 
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Kidney function, individual, phenol- 
sulphonephthalein test in, 
256 
Kjeldahl total nitrogen test in func- 
tional diagnosis of the liver, 
101 
Kohlrausch apparatus for determina- 
tion of hemorenal index, 
280, 281 

comparison resistance in, 284 

contact in, 288 

electrode vessels in, 284 

element in, 281 

induction coil in, 282 

measuring bridge in, 282 

operation of, 289 

telephone in, 283 

thermostat in, 287 
Kovesi and Roth-Schulz water experi- 
ment, 273 

Lactic acid in stomach contents, detec- 
tion of, 6 
Lactose test of urine in renal function 

diagnosis, 291 
Leube's test of motor power of stom- 
ach, 33 
Lewis-Benedict method for estimation 
of sugar content of blood 
in hyperadrenalism, 236 
Lipase, in blood in liver function tests, 
121 
clinical value of, 122 
determination of, 122 
in duodenal contents in pancreatic 

function tests, 53 
in feces in pancreatic function tests, 
66 
Voldard-Stade method in, 66 
Liver function tests, 93 et seq. 
carbohydrate tolerance tests in, 94 
galactose test of Bauer in, 96 
group-reactions to, 99 
levulose test of Strauss in, 95 
saccharose test of Colrat and 
Lupine in, 95 
fibrinogen test in, 116 
fibrinolytic ferment of the blood in, 

124 
Ghedini's ferment test in, 124 
glycuronic conjugation test in, 132 
hippuric acid conjugation test in, 
132 



Liver function tests, lipase of blood 
in, 121 
clinical value of, 122 
determination of, 122 
methylene blue test in, 113 
nitrogen content of blood in, 118 
amino-acid nitrogen determination 
in, 121 
Constantino method, 121 
Van Slyke and Meyer method, 
121 
non-protein nitrogen determina- 
tion in, 119 
colorimetric method of Folin 

and Denis, 119 
drawing blood method, 119 
isolating non-protein nitrogen 

constituents method, 119 
total non-protein nitrogen' 

method, 120 
trichloracetic acid method, 119 
urea nitrogen in, urease method 
for determination of, 119 
phenoltetrachlorphthalein test in, 
113 
clinical value of, 115, 117 
sulphoconjugation test in, 124 
Benedict's total sulphur method 

in, 130 
Folin's ethereal sulphates method 

in, 131 
Kahn's technic in, 129 
urinary nitrogen partition in, 99 
amino-acid nitrogen test (Hen- 
riques - Sorensen method) 
in, 104 
for large amounts of ammonia, 

104 
for small amounts of ammonia, 
104 
ammonia nitrogen test (Folin's 

method) in, 104 
total nitrogen test (Kjeldahl 

method) in, 101 
urea nitrogen tests in, 102 
Benedict's method, 102 
Marshall's urease method, 102 
urobilinogen excretion tests in, 106 
clinical value of, 107 
quantitative estimation of uro- 
bilin in, 109 
in serum, 112 
in stools. 111 
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Liver function tests, urobilinogen ex- 
cretion tests in, quantita- 
tive estimation of urobilin 
in, in urine, 109 
by colorimetric method, 111 
by fluorescence methods, 111 
by gravimetric methods, 109 
by spectroscopic methods, 110 
significance of urobilin excretion 
in, 106 
Loewi's adrenalin test of pancreatic 
function, 88 
epinephrin mydriasis test in hyper- 
thyroidism, 231 
Lungs, vital capacity of, in testing 
myocardial function, 189 
• 

Mackenzie, ink-polygraph of, 170 

McLean's index, clinical value of, 309- 
312, 319 
in normal cases, 310 
in renal function, 314 

Mclean's slide rule for calculation of 
index of urea excretion, 317 

Malaria, urobilin excretion test in, 108 

Marinesco-Roseo complement-deviation 
test in hyperthyroidism, 
202 

Marshall's urease method in function- 
al diagnosis of the liver, 
102 

Mathieu-Remond, determination of 
volume of gastric secretion 
by method of, 10 

Measles, urobilin excretion test in, 108 

Mendelsohn's test for variations in 
pulse-rate, 156 

Metabolic changes in impaired heart 
function, 189 
elimination of salt in, 190 
vital capacity of lungs in, 189 

Metabolism studies as a test in hyper- 
thyroidism, 211 
clinical respiration apparatus of 

Benedict in, 212 
universal respiration apparatus in, 
212. See also under Res- 
piration apparatus, univer- 
sal. 

Methylene blue test, for renal func- 
tion, 244 
in functional diagnosis of the liver, 
113 



Mett method of determining peptic ac- 
tivity, Nirenstein-Schiflf 
modification, 4 

Mosenthal, investigation of, with ne- 
phritic test-meal, 263-271 

Myocardial decompensation, nephritic 
test-meal in, 271 

Myocardial dilatation reflex in func- 
tional diagnosis of the 
heart, 189 

Myocardial disease, cardiogram in, 178 
electrocardiogram in, 181 

Myocardial function, Vital capacity of 
lungs as a test of, 189 

Myocardial insufficiency, marked, ne- 
phritic test-meal in, 270 

Myocardial retraction reflex in func- 
tional diagnosis of the 
heart, 188 

Nephritic hypertension, funjctional 
capacity of circulation in, 
196, 197 
Nephritic test-meal in test of renal 
function, 259 
clinical value of, 261 
in advanced hypertensive nephritis, 

269 
in chronic diffuse (parenchymatous) 

nephritis, 262, 266, 267 
in chronic interstitial nephritis, 268 
in chronic nephritis, severe, 262, 265 
in extreme interstitial nephritis, 270 
in moderate nephritis, 269 
in myocardial decompensation, 271 
in myocardial insufficiency, marked, 

270 
in normal indiridual, 261, 264 
in uncomplicated interstitial ne- 
phritis, 267 
Mosenthal's investigations of, 263- 
271 
Nephritis, acute, blood tests in, 311 
phenolsulphonephthalein test in, 
252 
chemical analysis of blood in, 330, 
337 
as influenced by diet, 332, 334 
chronic, blood tests in, 312 
composition of blood in, 313 
early, blood tests in, 311 
interstitial, phenolsulphonephtha- 
lein test in, 253 
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Xephritisy chronic, parenchymatous, 
phenolsolphonephthalein test in, 

252 
with edema, analysis of blood- 
serum in, 323 
with edema and uremia, analysis 

of blood-serum in, 323 
with uremia, analysis of blood- 
serum in, 323 
interstitial, chemical analysis of 

blood in, 333 
nephritic test-meal in, 261 
in advanced hypertensive nephri- 
tis, 269 
in chronic diffuse (parenchyma- 
tous) nephritis, 262, 266, 267 
in chronic interstitial nephritis, 

268 
in chronic severe nephritis, 262, 

265 
in moderate nephritis, 269 
in uncomplicated interstitial ne- 
phritis, 267 
urobilin excretion in, 109 
Neurocirculatory asthenia, functional 
capacity of circulation in, 
192, 195, 196 
Nirenstein-Schiff modification of Mett 
method of determining pep- 
tic activity, 4 
Nitrogen, non-protein, in kidney dis- 
ease, 311-312 
urea, in kidney disease, 310-312 
Nitrogen content of blood in func- 
tional diagnosis of the liver, 
118 
amino-acid nitrogen determination 
in, 121 
Constantino method of, 121 
Van Slvke and Meyer method of, 
121 
non-protein nitrogen determination 
in, 119 
colorimetric method of Folin and 

Denis of, 119 
drawing blood method of, 119 
isolating non-protein nitrogen con- 
stituents method of, 119 
total non-protein nitrogen method 

of, 120 
trichloracetic acid method of, 119 
urea nitrogen in, urease method for 
determination of, 119 



Nitrogen partition tests, urinary, in 
functional diagnosb of 
liver, 99 
amino-acid nitrogen test (Hoirique- 
Sorensen), 104 
for large amounts of anunonia, 104 
for small amounts of ammonia, 104 
ammonia nitrogen test of Folin, 104 
total nitrogen test of Kjeldahl, 101 
urea nitrogen tests, 102 
Benedict's method, 102 
Marshall's urease method, 102 
Non-protein nitrogenous constituents 
of blood in testing of renal 
function, 325 
clinical value of, 327, 335 
in infective jaundice, 334 
in nephritis, 320, 334 
as influenced by diet, 332 
in normal blood, 329 
in other diseases, 331 

Oil test-breakfast, in testing regjirgi- 
tated duodenal contents for 
pancreatic function, 58 
Opsiuric test in renal function diag- 
nosis, 275 
Orthodiagraph in functional diagnosis 
of heart, 185 
showing myocardial dilatation re- 
flex, 189 
showing myocardial retraction re- 
flex, 188 
showing variations in size of heart 
during and after work, 185 

Palmin test-meal in testing regurgi- 
tated duodenal contents for 
pancreatic function, 58 
Pancreatic function tests, 51 et seq. 
carbohydrate tests in, 90 
classification of, 51 
duodenal contents in, regurgitated, 
analysis of, by examination 
of stomach contents, 57 
Boldyreff-Volhard oil test-break- 
fast in, 57 
Ehrmann's palmin test-meal in, 58 
duodenal intubation in, 52 
amylase in, 53 
lipase in, 53 
protease in, 53 
results of study of, 54 
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Pancreatic function tests, feces in, an- 
alysis ofy for pancreatic 
enzymes, 59 
amylase in, 62 
azotorrhea in, 68 
Cammidge studies in, 70 et seq. 
chemical, following Schmidt- 

Strassburger test, 66 
creatorrhea in, 80 
lipase in, 66 

Salhi's glutoid capsule test in, 81 
Schmidt cell-nuclei test in, 81 
steatorrhea in, 70 
trypsin in, 59 
Loewi's adrenalin test in, 88 
urine in, analysis of, 83 
Cammidge reaction in, 86 
diastase in, 83 
Wohlgemuth's method in, 85 
Parenchymatous nephritis, chronic. 

See under Nephritis. 
Paroxysmal tachycardia, electrocardio- 
gram in, 184 
functional capacity of circulation 
in, 191 
Pearce's modification of Lewis-Bene- 
dict method in estimation 
of sugar content of blood 
in hyperadrenalism, 237 
Peptic activity, determination of, 4 
Phenolsulphonephthalein test for renal 
function, 246 
clinical value of, 250 
in acute nephritis, 252 
in cardiac and cardiorenal diseases, 

254 
in chronic interstitial nephritis, 253 
in chronic parenchymatous nephritis, 



in injection on various tissues, 258, 
259 

in relation to amount of urinary se- 
cretion, 252 

in relation to blood-pressure, to 
changes in eye-grounds, and 
to blood-picture, 254 

in surgical cases, 255 

in testing function of the individual 
kidney, 256 

in unilateral or bilateral surgical 
disease of the kidney, 257 

in uremia, 253 

technic of, 246 



Phenoltetrachlorphthalein test in func- 
tional diagnosis of the liv- 
er, 113 
clinical value of, 115, 117 
Phenylhydrazin - sodium - nitropmsaid 
method in formaldehyd test 
of urine, 298 
Phlorizin test of urine in renal func- 
tion diagnosis, 294 
Phloroglucin method in formaldehyd 

test of urine, 298 
Phthalein output in clinical renal 
cases, 310-312. See Phen- 
olsulphonephthalein test 
in noimal cases, 310 
Pituitary body, functional diagnosis 
of, 232 
in hyperpituitarism, 232 

by means of gas exchanges, 

232 
glycosuria in, spontaneous and 
alimentary, 232 
in hypopituitarism, 232 
Plethysmograph, 151 
Pneumonia, urobilin excretion test in, 

108 
Polygraph in functional diagnosis of 
the heart, 169 
cardiographic evidence of loss of 
tonicity of heart-muscle by 
means of, 175 
effect of cough upon sphyg^mograph- 

ic curve of, 173 
interpretations of sphyg^mographio 

tracings of, 170 
loss of tonicity of heart-muscle 
shown by, 175 
Polyuria, experimental, in renal func- 
tion diagnosis, 273 
opsiuric test in, 275 
Strauss-Greenwald method in, 273 
water experiment of Kovesi and 

Roth-Schulz in, 273 
water experiment of Strauss in, 
275 
Position, effect of change of, on blood- 
pressure, 159 
on pulse-rate, 155 
Potassium iodid test of urine in renal 

function diagnosis, 292 
Protease in duodenal contents in 
pancreatic function tests, 
53 
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Pulse, anacrotic, 174 

changed quality of, in impaired 

heart function, 145, 148 
dicrotic, 172 
normal, tracing of, 172 
Pulse-rate, variations in, in functional 
diagnosis of heart, 155 
effect of changed position in, 155 
effect of exercise (Mendelsohn 

test) in, 156 
Herz's test in, 159 
hopping test in, 158 
stair-climbing test of Selig in, 156- 
158 
in impaired heart function, 145 
bradycardia, 145 
tachycardia, 145 
Pulsus altemans, 148 
Pulsus bisferiens, 174 
Pulsus celer, 172 
Pulsus irregularis perpetuus, 145 
Pulsus irregularis respiratorius, 141 
Putrefaction, intestinal; tests for, 42 



Refractive index of blood-serum in 
testing of renal function, 
320 
Rehfuss method of fractional analysis 

of gastric secretion, 12 
Rehfuss-Clarke technic in gastro-al- 

bumorrhea test, 28 
Renal function tests, 242 et seq. 
chromocystoscopic, 245 
indigocarmine test, 245 
methylene blue test, 245 
phenolsulphonephthalein test, 246 
clinical value of, 250 
in acute nephritis, 252 
in cardiac and cardio-renal 

diseases, 254 
in chronic interstitial nephritis, 

253 
in chronic parenchymatous ne- 
phritis, 252 
in injection on various tissues, 

258, 259 
in surgical cases, 255 
in testing function of individual 

kidney, 256 
in unilateral or bilateral surgi- 
cal disease of kidney, 257 
in uremia, 253 



Renal function tests, chromocysto- 
scopic, phenolsulphoneph- 
thalein test, influence of, an 
amount of urinary secre- 
tion, 252 
influence of, on blood-pressure, 
on changes in eye-grounds, 
and on blood-picture, 254 
classification of. Barker's, 243 
composition of blood in, 303 
acidosis in, 342 

determination of, by alveolar car- 
bon-dioxid tension, 348 
by carbon-dioxid tension of 

blood (Van Slyke), 346 
by. hydrogen-ion concentration 
of blood, 343 
Ambard's coefficient in, 306 
clinical value of, 309-314 
chemical, 325 
creatinin in, 339 
clinical value of, 339-340 
creatin plus creatinin method 

in, 341 
preformed (Folin met hod), 340 
non-protein nitrogenous con- 
stituents in, 325 
clinical value of, 327, 335 
in infective jaundice, 334 
in nephritis, 330, 334 

as influenced by diet, 332 
in normal blood, 329 
in other diseases, 331 
uric acid in, 341 
Epstein's theory of, 303 
in normal and patholo^cal con- 
ditions, 313 
indicanemia in, 352 
McLean's index of urea and 
chlorid excretion in, 314- 
clinical value of, 309-312, 319 
physical methods in, 320 
freezing-point, refractive index 
and specific gravity of 
blood-serum in, 320 
clinical value of, 322 
composition of urine in, 259 

determined by excretion of in- 
gested substances, 291 
bismuth reduction test in, 291 
creatinin test in, 298 

Folin 's colorimetric method, 
299 
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Renal function tests, composition of 
urine in, determined by ex- 
cretion of ingested sub- 
stances, diastase (amylase) 
test in, 301 
formaldehyd test in, 298 

phenylhydrazin - sodium- ni- 

troprussid method, 298 
phloroglucin method, 298 
hippuric acid test in, 293 
lactose test in, 291 
phlorizin test in, 294 
potassium iodid test in, 292 
urea test in, 300 
urotropin test in, 296 
measured by elimination of fluids, 
salt and nitrogen, and the 
l^pecific gravity of urine, 
259 
chlorid determination in, 271 
Volhard-Amold method, 271 
Volhard-Harvey method, 272 
experimental polyuria in, 273 
opsiuric test in, 275 
Strauss-Qreenwald method 

in, 273 
water experiment of Kovesi 

and Roth-Schulz in, 273 
water experiment of Strauss 
in, 275 
nephritic test-meal in, 259 
clinical value of, 261 
in advanced hypertensive 

nephritis, 269 
in chronic diffuse (paren- 
chymatous) nephritis, 262, 
266, 267 
in chronic interstitial ne- 
phritis, 268 
in chronic nephritis, severe, 

262, 265 
in extreme interstitial ne- 
phritis, 270 
in moderate nephritis, 269 
in myocardial decompensa- 
tion, 271 
in myocardial insufficiency, 

marked, 270 
in normal individual, 261, 264 
in uncomplicated interstitial 

nephritis, 267 
Mosenthal's investigations of, 
263-271 



Benal function tests, composition of 
urine in, pharmacological 
tests in, 301 
Bouchard's urotoxic coefficient, 

302 
diuretic tests, 301 
physical methods in, 275 
freezing-point determination in, 
275 
apparatus for, 276 
method of Dreser and .Ko>- 

ranyi in, 278 
principle of, 275 
hemorenal index in, 279 
apparatus in detail in, 281 
comparison resistance in,284 
contact in, 288 
electrode vessels in, 284 
element in, 281 
induction coil in, 282 
measuring bridge in, 282 
telephone in, 283 
thermostat in, 287 
calculation in, 289 
method and apparatus in gen- 
eral in, 280 
method of operation in, 289 
urea content of cerebrospinal fluid 
in, 353 
Rennin, in gastric juice, detection of, 6 
Respiration apparatus, clinical, of 
Benedict, 212 
universal, for metabolism studies, 212 
acid trap in, 213 
alcohol check tests in, 224 
balances in, 218 
barometer in, 219 
blower in, 213 
carbon-dioxid absorbing system 

in, 214 
carbon-dioxid production deter- 
mined by, 224 
control tests for, 224 
gas meter in, 216 
manometer in, 218 
oxygen consumption determined 
by, 225 
aqueous-vapor tension measure- 
ment in, 226 
barometric pressure measure- 
ment in, 227 
errors in measurement in, 227 
temperaturemeasuremADta in. 227 
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Respinition appftratcHy nniTenal, oxy- 
gen supply in, 216 
prineiple of, 212 
pnlse-rate reeording in, 222 
req^nratioii ebamber in, 219 
eirenlation of air inside, 221 
eonneetions with, 219 
temperature measurementB and 
control in, 221 
routine of an experiment with, 228 
sodium-bicarbonate can in, 215 
spirometer or tension-equalizer in, 

217 
testing of, 222 
ti^tness of, testing of, 222 
tubing and piping in, 214 
two-way valve in, 214 
water-absorbers in, 213 
Retention-meal, 14 

Riegel's method of detection of rennin 
in gastric juice, 6 
test-dinner, 4 
Hiva-Rocci sphygmomanometer, 151 
Robert-Strassburger method in analy- 
sis of feces for amylase, 62 
Roentgen ray in functional diagnosis 
of heart, 1S5 
Hhowing myocardial dilatation re- 
flex, 189 
showing myocardial retraction re- 
flex, 188 
showing variations in size of heart 
during and after work, 185 
Roger glycuronic conjugation test in 
functional diagnosis of the 
liver, 132 
Rowntree and Qeraghty modification of 
the Hellige colorimeter, 248 
Rowntree, Marshall and Chesney, tests 
of, for determination of 
nitrogen in blood in func- 
tional diagnosis of the 
liver, 118 
Russian breathing test of right heart 
efficiency, 169 

Salhi's desmoid reaction in testing gas- 
tric emptying power, 34 

glutoid capsule test in analysis of 
feces in pancreatic function 
tests, 80 

hemoglobinometer, 351 

sphygmobolometer, 151 



Salol test of gastrie motility (Ewald- 
Sierers), 32 

Salomon method in gastio-allyomofF- 
rbea test, 25 

Salt, elimination of, as an index of 
heart function, 190 

Scarlet fever, urobilin excretioo teat 
in, 108 

Schmidt eell-nnelei test in analyaiB of 
feces in pancreatie f une- 
tion tests, 81 

Schmidt test^et for motility of in- 
testine, 36 
administration of, 36 
examination of test-diet stool in, 38 
chemical, 39 
macroscopic, 38 
microscopic, 39 

Schmidt-Strassburger test of feees, 
chemical analysis follow- 
ing, 66 

Selig, stair-climbing test of, for vari- 
ations in blood-pressure, 
160 
for variations in pulse-rate, 156- 
158 

Sergent's white adrenal line in hypo- 
adrenalisin, 232 

Serodiagnosis test of Abderhalden. 
See under Abderhalden« 

Smithies' physiologic test for gastric 
emptying power, 32 
technic in Wolff-Jungfaans gastro- 
albumorrhea test, 26 

Skin reaction of Gk)etsch in hyper- 
thyroidism, 231 

Specific gravity of blood-serum in 
testing of renal function, 
320 
of urine, 259 et seq. 

Spencer's method of determining tryp- 
tic activity, 5 

Sphygmographie curve, effect of cough 
on, 173 

Sphygmographie tracings, interpreta- 
tion of, 170 

Sphygmomanometer, types of, 150, 
151 

Sphygmomanometry in functional di- 
agnosis of heart, 149 

Stair-climbing test of Selig for varia- 
tions in blood-pressure, 160 
for variations in pulse-rate, 156-158 
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Steatorrhea in analysis of feces in 
pancreatic function tests, 
70 
Stomachy function tests for, 3 et aeq. 

See also under Gastric. 
Stomach contests, butyric acid in, 6 
examination of, for analysis of re- 
gurgitated duodenal con- 
tents, 57 
Boldyreff-Volhard oil test-break- 
fast in, 58 
Ehrmann's palmin test-meal in, 58 
lactic acid in, determination of, 6 
organic acid in, detection of, 6 
pepsin in, determination of, 4 
rennin in, determination of, 6 
Topfer's method in analysis of, 7 
trypsin in, determination of, 5 
Strauss' lactic acid test, 6 
levulose test of, in functional diag- 
nosis of liver, 95 
method for determination of volume 

of gastric secretion, 11 
water experiment in renal function 
diagnosis, 275 
Strauss-Greenwald method in experi- 
mental polyuria, 273 
Sugar content of blood in hyper- 
adrenalisin, estimation of, 
234 
by Epstein's method, 237 
by Lewis-Benedict method, 236 
by micro-method of Bang, 234 
by Pearce's modification of Lewis- 
Benedict method, 237 
Sugar tolerance, increased, in hypo- 

adrenalism, 232 
Sulphoconjngation test in functional 
diagnosis of the liver, 124 
Benedict's total sulphur method in, 

130 
Folin's ethereal sulphates method in, 

131 
Kahn's technic in, 129 

Tachycardia, paroxysmal, electrocar- 
diogram in, 184 
functional capacity of circulation 
in, 191 
significance of, in functional diag- 
nosis of the heart, 145 
thyrotoxic, functional capacity of 
circulation in, 192, 193 



Test-meals, 3 

Thyroid extract administration test in 

hypothyroidism, 232 
Thyroid gland, functional diagnosis of, 
202 
in hyperthyroidism, 202 

Abderhalden's serodiagnosis or 
specific ferment test 1X1, 
203 
dialyzation method in, 207 
controls in, 209 
dialyzing tubes in, 208 
obtaining of serum in, 208 
preparation of thyroid pro- 
tein in, 207 
tests for cleavage products of 
protein in, 209 
biuret test, 209 
triketohydrinden hydrate 
reaction, 210 
optic method in, 204 
control in, 206 
obtaining of serum in, 206 
preparation of thyroid pep- 
tone in, 204 
technic of, 206 
acetonitril test of Reid Hunt for, 

230 
Claude, Baudouin and Porak test 

in, 211 
epinephrin mydriasis test of 

Loewi for, 231 
iodin tests in, 202 
Marinesco-Roseo complement-devi- 
ation test in, 202 
metabolism studies as a test in, 
211 
clinical respiration apparatus of 

Benedict in, 212 
universal respiration apparatus 
in, 212 
acid trap in, 213 
alcohol check tests for, 224 
balances in, 218 
barometer in, 219 
blower in, 213 

carbon-dioxid absorbing sys- 
tem in, 214 
carbon-dioxid production de- 
termined by, 224 
control tests for, 224 
gas meter in, 216 
manometer in, 218 
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Thyroid gland, functional diagnosis 
of, in hyperthyroidism, 
metabolism studies as a test 
in, universal respiration 
apparatus in, oxygen con- 
sumption determined by, 
225 
aqueous- vapor t e n s i o n 

measurement in, 226 
barometric pressure meas- 
urement in, 227 
errors in measurement in, 

227 
temperature measurements 
in, 227 
oxygen supply in, 216 
principle of, 212 
pulse-rate recording in, 222 
respiration chamber in, 229 
circulation of air inside, 

221 
connections with, 219 
temperature measurements 
and control in, 221 
routine of an experiment 

with, 228 
sodium-bicarbonate can in, 

215 
spirometer or tension-equal- 
izer in, 217 
testing of, 222 
tightness of, testing of, 222 
tubing and piping in, 214 
two-way valve in, 214 
water-absorbers in, 213 
skin reaction of Goetsch for, 231 
in hypothyroidism, 232 

therapeutic test for, by adminis- 
tration of thyroid extract, 
232 
Thyrotoxic tachycardia, functional ca- 
pacity of circulation in, 
192, 193 
Tigerstedt, cardiac efficiency factor of, 
in functional diagnosis of 
heart, 152 
Topfer's method of gastric analysis, 7 
Tomai's auscultatory phase test in 
functional diagnosis of 
heart, 153 
Total nitrogen test of Kjeldahl in func- 
tional diagnosis of the 
liver, 101 



Trichloracetic acid method for deter- 
mination of non-protein 
nitrogen in blood, 119 
Triketohydrinden hydrate reaction, 210 
Trypsin determination, in analysis of 
feces in pancreatic function 
tests, 59 
casein method in, 61 
serum -plate method in, 61 
in duodenal contents in pancreatic 
function tests, 53 
Tryptic activity, determination of, 5 

Uffelmann's test for lactic acid in 

stomach contents, 6 
Ulcer, duodenal, curves of gastric se- 
cretion in, 19, 20 
gastric, curves of gastric secretion 
in, 17, 18 
Urea nitrogen in blood, in cardiovas- 
cular disease, 308 
in kidney disease, 310-312 
in liver function tests, 119 
in normal cases, 310 
Urea output in disease of kidneys, 310- 

312 
Urea test of urine in renal function 

diagnosis, 300 
Urease method for determination of 
urea nitrogen in blood in 
liver function tests, 119 
Uremia, composition of blood in, 313 
phenolsulphonephthalein test in, 253 
Uric acid in blood as test of renal func- 
tion, 341 
Urinary nitrogen partition in liver 
function tests, 99 
amino-acid nitrogen test in (Hen- 
riques-Sorensen), 104 
for large amounts of ammonia, 

104 
for small amounts of ammonia, 
104 
ammonia nitrogen test of Folin in, 

103 
total nitrogen test of Kjeldahl in, 

101 
urea nitrogen tests in, 102 
Benedict's method, 102 
Marshall's urease method, 102 
Urinary secretion, relation of phenol- 
sulphonephthalein test to, 
252 
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Urine, analysis of, in pancreatic func- 
tion tests, 83 
Cammidge reaction in, 86 
diastase in, 83 

Wohlgemuth's method in, 85 
Urine, composition of, in test of renal 
function, 259 
determined by excretion of ingested 
substances, 291 
bismuth reduction test in, 291 
creatinin test in, 288 

Folin's colorimetric method, 299 
diastase (amylase) test in, 301 
formaldehyd test in, 298 
phenylhydrazin - sodium - nitro- 

prussid method, 298 
phloroglucin method, 298 
hippuric acid test in, 293 
lactose test in, 291 
phlorizin test in, 294 
potassium iodid test in, 292 
urea test in, 300 
uro tropin test in, 296 
measured by elimination of fluids, 
salt and nitrogen, and the 
specific gravity of urine, 259 
chlorid determination in, 271 
Volhard-Amold method, 271 
Volhard-Harvey method, 272 
experimental polyuria in, 273 
opsiuric test in, 275 
Strauss-Greenwald method in, 

273 
water experiment of Kovesi and 

Roth-Schulz in, 273 
water experiment of Strauss in, 
275 
nephritic test-meal in, 259 
clinical value of, 261 
in advanced hypertensive ne- 
phritis, 269 
in chronic diffuse (parenchyma- 
tous) nephritis, 262, 266, 
267 
in chronic interstitial nephritis, 

266 
in chronic nephritis, severe, 262, 

267 
in extreme interstitial nephritis, 

270 
in moderate nephritis, 269 
ill myocardial decompensation, 
271 



Urine, composition of, in test of renal 
function, measured by 
elimination of fluids, salt 
and nitrogen, and the spe- 
cific gravity of urine, ne- 
phritic test-meal in, in 
myocardial insufficiency, 
marked, 270 
in normal individual, 261, 264 
in uncomplicated interstitial 

nephritis, 267 
Mosenthal's investigationB of, 
263-271 
pharmacological tests in, 301 
Bouchard's urotoxic coefficient, 

302 
diuretic tests, 301 
physical methods in, 275 
freezing-point determination in, 
275 
apparatus for, 276 
method of Dreser and Koranyi 

in, 278 
principle of, 276 
hemorenal index in, 279 
apparatus in detail in, 281 
comparison resistance in, 284 
contact in, 288 
electrode vessels in, 284 
element in, 281 
induction coil in, 282 
measuring bridge in, 282 
telephone in, 283 
thermostat in, 287 
calculation in, 289 
method and apparatus in gen- 
eral in, 280 
method of operation in, 289 
Urine, freezing-point of, determina- 
tion of, in renal function 
tests, 275 
apparatus for, 276 
method of Dreser and Koranyi in, 

278 
principle of, 275 
Urine, specific gravity of, 259 et seq. 
Urobilinogen excretion tests in func- 
tional diagnosis of the 
liver, 106 
clinical value of, 107 
quantitative estimation of urobilin 
in, 109 
in serum, 112 
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Urobilinogen excretion tests in func- 
tional diagnosis of the 
liver, quantitative estima- 
tion of urobilin in, in 
stools, 111 
in urine, 109 
by colorimetric methods. 111 
by fluorescence methods, 111 
by gravimetric methods, 109 
by spectroscopic methods, 110 
significance of urobilin excretion in, 
106 
Urotoxic coefficient, Bouchard's, in test 

of renal function, 302 
Urotropin test of urine in renal func- 
tion diagnosis, 296 
UskofiTs sphygmotonograph, 151 

Valsalva breathing experiment for 
testing right heart efS- 
ciency, 169 

Van Slyke method of testing for aci- 
dosis by carbon-dioxid ten- 
sion of blood, 346 

Van Slyke and Cullen's modification 
of Marshall's urease method 
for determination of urea 
nitrogen in blood in liver 
function tests, 120 



Van Slyke and Meyer method for de- 
termination of amino-acid 
nitrogen in blood in liver 
function tests, 121 

Venous cistern from which heart is 
filled, 171 

Venous pressure, determination of, in 
functional diagnosis of 
heart, 167 

Ventricular contractions, 141, 143 

Volhard-Amold method of determina- 
tion of chlorid elimination 
in renal function tests, 271 

Volhard-Harvey method of determina- 
tion of chlorid elimination 
in renal function tests, 272 

Volhard-Stade method in anal3rsis of 
feces for lipase, 66 

Water-hammer pulse, 172 

Wintemitz iodipin test for gastric 
emptying power, 33 

Wohlgemuth's method in determina- 
tion of amylotic activity in 
pancreatic function tests, 
85 
in the kidney, 301 

Wolff-Junghans method in gastro-al- 
bumorrhea test, 26 



